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Preface

Modern medicine has for a long time ignored traditional and alternative methods. In
the last decade, the World Health Organization, European Union, and other interna-
tional and national health authorities have begun to view alternative medicine in a
more positive light and issue new regulations to integrate these methods into modern
medical practice. Thus, new trials and research on alternative medical methods

have gained popularity. This book presents a comprehensive overview of alternative
medicine.

Chapter 1 focuses on motion, electromyography, and biofeedback. Recently, health

has been redefined as wellness and lifestyle, in which regular exercise plays a key role.
Because a sedentary lifestyle has negative impacts on health, the musculoskeletal struc-
ture of the human body and its flexibility are gaining more importance. The future
direction of health may be vibrational or energy medicine, which detects pathologies
at early stages in the bioenergetic field of the human body and rebalances the body’s
energy field to restore health.

Current medical applications are mostly somatic. However, biofield therapies

that use energy fields to restore health are gaining popularity. Chapter 2 discusses
informational communication from the body as it relates to cancer. In the human
body, there are dynamic informational channels functioning in the infrared spectral
range. This informational system starts from the cell itself and continues to other
bodily systems. In the informational age, current medical applications focusing on
the somatic body should go expand further to bioinformatics and informational
medicine.

Chapter 3 discusses homeopathy, which is part of the trend towards personalized,
holistic medicine. The chapter examines the benefits and success of the homeopathic
approach.

Acupuncture has been used for centuries and is the most popular traditional method
of alternative medicine. Chapter 4 analyzes acupuncture’s use in modern medicine in
the field of reproductive technology.

Chapter 5 examines the use of traditional Vietnamese food spices for medical
purposes.

Medicine is constantly being redefined as medical consumers gravitate towards more
personalized and holistic approaches to maintaining their health. Lifestyle manage-
ment instead of reliance on pharmaceuticals is the future of modern medicine.



As such, this book focuses on alternative medicine, presenting new approaches to
health and wellness that consider people’s biopsychosocial and spiritual perspectives.

Cengiz Mordeniz

Medical Faculty,

Department of Anesthesiology and Intensive Care and Pain Medicine,
Tekirdag Namik Kemal University,

Tekirdag, Turkiye
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Chapter 1

Electromyography Biofeedback to
Improve Dynamic Motion

Benio Kibushi

Abstract

Electromyography biofeedback (EMG-BF) has been used to train muscle activa-
tion or relaxation but the application of EMG-BF to improve dynamic motion (e.g.,
walking or pedaling) is open to investigation. This chapter deals with an introduction
to our previous work and the latest research we are working on. In our previous study,
we investigated whether auditory EMG-BF is effective in improving muscle co-
contraction. Unfortunately, we found that individual EMG-BF does not immediately
improve muscle co-contraction during pedaling. To improve muscle co-contraction by
EMG-BF, it may be necessary to convert muscle activation into muscle co-contraction.
In our latest study, we investigated whether visual EMG-BF is effective in stabilizing
walking. We found that EMG-BF during normal walking partially stabilizes the center
of mass acceleration. Finally, based on our research findings, I will discuss the con-
struction of an EMG-BF system that can contribute to the improvement of dynamic
movements.

Keywords: muscle activity, walking, pedaling, kinematics, stability

1. Introduction

Biofeedback has been utilized as a rehabilitative approach to facilitate normal
movement patterns. Humans have sensory receptors such as muscle spindles and
tendon spindles, which engage in feedback control based on the information received
from sensory receptors. Patients can access physiological data that would typically
unnoticed in real-time by biofeedback. This aims to enhance the acquisition of normal
movement patterns.

In this chapter, the focus is on electromyography biofeedback (EMG-BF). One of
the functions of muscles is to move joints through contraction. Muscle contraction
occurs when electrical signals from the brain reach the muscles via nerves. As electri-
cal activity arises during muscle contraction, the measurement of electrical activity
during muscle contraction on the surface of the skin has been employed as a means to
examine the dynamics of muscle contraction. Obtaining electrical signals during
muscle contraction is known as an electromyogram (EMG). Electromyography bio-
feedback (EMG-BF) involves converting the EMG into a visual or auditory feedback
signal, establishing a novel feedback system, and contributing to the reacquisition of
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movements or learning new movements. Electromyography biofeedback (EMG-BF)
is employed to enhance the activity of weakened or paralyzed muscles, as well as to
alleviate tension in spastic muscles.

In this chapter, I will begin by briefly introducing previous studies on the effects of
EMG-BF. A more comprehensive review of EMG-BF can be found in the works of
Giggins et al. [1] and Huan et al. [2]. Furthermore, I will present our research on the
utilization of EMG-BF for improving dynamic movements. Finally, based on our
research findings, I will discuss the construction of an EMG-BF system that can
contribute to the improvement of dynamic movements.

1.1 Static EMG-BF

Previous research on EMG-BF has been addressed by various experimental tasks.
Among these tasks, there were simple movements unrelated to daily activities, such as
users adjusting specific parameters while in a static state [3-6]. Huang et al. [2]
referred to this as “static biofeedback” [2]. Static EMG-BF also proves useful in
rehabilitation. For example, applying static EMG-BF in rehabilitation after knee joint
surgery leads to improvements in knee joint range of motion [7], peak torque during
knee extension [8], and activation level of the knee extensor muscles [9]. However,
static EMG-BF might have limited effectiveness. This is because the improvement is
observed when the purpose is to alter the activity of the target muscle itself or when
the target muscle is directly related to joint control. Moreover, several studies and
reviews on static EMG-BF have not demonstrated significant contributions to the
recovery of motor function [3, 10, 11]. For instance, Wolf et al. [11] used static EMG-
BF to suppress the activity of antagonist muscles of the elbow extensor and activate
the agonist’s muscle. However, this method prevented stroke patients from fully
extending their elbows during a reaching task and caused muscle co-contraction
during coordinated movements [11]. Additionally, applying static EMG-BF to the
lower limbs of hemiparetic patients had no impact on functional gait [3]. Therefore,
static EMG-BF might have limited effectiveness in promoting the recovery of motor
function [12].

1.2 EMG-BF for improving walking abilities

The effectiveness of EMG-BF in improving walking abilities remains a subject of
debate. According to a systematic review, it was concluded that EMG-BF does not
have a significant effect on joint range of motion, functional capacity, stride, or
walking speed following stroke [13]. However, several studies have reported positive
results. For instance, adding EMG-BF to conventional exercise programs significantly
reduced the usage time of walking aids in patients who underwent surgery for arthro-
scopic partial meniscectomy, compared to those who received only conventional
exercise training [14]. Particularly, in children with cerebral palsy, many positive
outcomes have been reported [15-17]. For example, EMG-BF targeting the tibialis
anterior during walking led to improvements in symmetry and greater ankle power
for push-off in children with cerebral palsy [15]. Furthermore, when children with
cerebral palsy used EMG-BF, it resulted in improved foot clearance during the swing
phase of walking and the acquisition of new abilities for contraction and relaxation of
the anterior tibialis muscle [16]. Thus, opinions on whether EMG-BF improves walk-
ing abilities are divided. Such contradictions might depend on the specific type of
EMG-BF utilized. Earlier, it was explained that static EMG-BF might have limited
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effectiveness in promoting the recovery of motor function. Therefore, static EMG-BF
might not be suitable for improving walking. Consequently, it is believed that EMG-
BF directly related to walking movement would be effective in enhancing walking
performance.

2. Auditory EMG-BF for improving muscle co-contraction
2.1 Introduction

The inhibition of smooth movement often arises from muscle co-contraction
occurring between agonist and antagonist muscles. Effectively improving muscle co-
contraction could potentially contribute to promoting motor learning. However, there
is limited research demonstrating the adjustment of muscle coordination patterns
through EMG-BF. Torricelli et al. [18] reported a change in synchronous muscle
activity patterns by providing biofeedback for the tibialis anterior muscle during
pedaling [18]. Nevertheless, the effects of EMG-BF on muscle co-contraction remain
unclear.

Biofeedback systems primarily use visual or auditory feedback [13]. Previous
studies showed auditory EMG-BF reduced frontalis muscle activation, unlike visual
EMG-BF [19]. Additionally, auditory feedback facilitated higher sensory integration
than visual feedback [20]. Moreover, motor learning through the auditory feedback
achieved a higher motor learning effect [20] and higher accurate posture control
ability [21] even after removing auditory feedback, but the visual feedback did not.
Faster auditory reaction times to stimuli [22] suggest auditory EMG-BF may prompt
more immediate muscle adjustments than visual EMG-BF. Thus, we hypothesized
that auditory EMG-BF enhances muscle co-contractions. We aim to investigate its
effectiveness in improving muscle co-contraction and contribute to more effective
EMG-BF methodologies’ development.

2.2 Auditory EMG-BF system

The participants had EMG electrodes attached to them to record muscle activity.
The vastus lateralis (VL) and the semitendinosus (ST) on the right side were the
muscles tested for feedback. Using an analog data acquisition system, the EMG data
was transferred into a personal computer and monitored via a specially designed
LabVIEW program. The EMG data, which was recorded at 1000 Hz, was then
processed in real-time through full-wave rectification and smoothing via the weighted
moving average.

During the determining a threshold, participants engaged in a one-minute pedaling
session at the workload assigned for adjustment or measurement tasks. The VL and ST
were rectified and smoothed in order to establish each muscle’s peak value. Thresholds
were defined when the normalized EMG amplitude exceeded 5% of the maximum
amplitude during pedaling compared to the amplitude at rest, a method determined
through preliminary experiments. The threshold was progressively altered, and par-
ticipants have queried whether the beeping corresponded to their muscle activation
timing. We established the lowest threshold that could consistently produce an
appropriate sound. Beep frequencies were designated as 400 Hz for VL and 800 Hz
for ST.
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2.3 Experimental procedures

Six women and seven men participated in this study (women: age 25 + 3 years,
height 160 & 5 cm, body weight 53 & 4 kg; men: age 25 & 3 years, height 171 & 5 cm,
body weight 69 £ 9 kg, [mean =+ standard deviation]).

Pedaling was chosen for the experiment due to its simplicity and the co-
contraction phase it includes. Skill level correlates with muscle co-contraction during
pedaling, with cyclists displaying less co-contraction than triathletes [23]. Improving
co-contraction may require increasing agonist activation while decreasing antagonist
activities.

The experiment followed this order: instruction, initial threshold adjustment for
EMG-BF system, adaptation to clipless pedals and EMG-BF system, workload deter-
mination, second threshold adjustment, and kinematics and EMG measurements
(Figure 1). Participants pedaled for 20 minutes to adapt to the clipless pedal and the
EMG-BF system [24]. The threshold adjustment was necessary as the EMG-BF system
beeped when muscle activation exceeded a certain threshold, chosen from a study
finding pure tone sounds acceptable for athletes during rowing [25].

In the study, the workload was determined based on heart rate monitoring. During
adaptation, cadence and workload were adjusted to keep heart rates between 100 and
120 bpm. Beep sounds were used for muscle activity feedback, aiming to reduce
overlap. After a 10-minute rest, the workload for measurement was set so that the
heart rate maintained around 150 bpm at 80-cadence. The workload increased by
20 W/min until 150 bpm could no longer be maintained. The relative workload was
selected based on heart rate, considering both sexes participated. Average workloads
for women and men were 123 £ 26 W and 176 &+ 26 W, respectively. A 10-minute rest
followed workload determination. During measurement tasks, participants pedaled
for 90 seconds at 80-cadence with a determined workload.

Four feedback conditions during measurement tasks were: no-feedback (NFB), VL
feedback (VLFB), ST feedback (STFB), and both VL and ST feedback (VL-STFB). In
addition to NFB, the need to compare individual EMG-BF as in the previous study [4]
and EMG-BF agonist-antagonist muscles was assumed. In VL-STFB, we asked partic-
ipants not to overlap the beep sound.

2.4 Measurement and analysis

In order to capture the movements associated with pedaling, reflective markers
were affixed to the right pedal and crank. A four-camera 3D motion capture system
operating at 100 Hz was used to record these position coordinate values. The topmost
position of the pedal stroke was identified as a crank angle of zero, defining one
complete cycle as the movement from one topmost position to the next.

Second
threshold
adjustment

‘))) ) _ge

‘))) 4))) ° o0 o
M ol oo M ofS

Experimental procedures.

Workload

Initial threshold
determination

adjustment Measurements

Adaptation

4



Electromyography Biofeedback to Improve Dynamic Motion
DOI: http://dx.doi.org/10.5772/intechopen.1002064

Alongside the VL and ST, EMG signals from the rectus femoris (RF) and long head
of the biceps femoris (BF) were also measured to study the co-contraction of muscles
involved in hip flexion-extension. The EMG signals from RF and BF were recorded at
a frequency of 1000 Hz. The EMG signals were high-pass filtered (20 Hz) with a zero-
lag fourth-order Butterworth filter to remove motion artifacts. Thereafter, the EMG
signals were demeaned, digitally rectified, and low-pass filtered at 15 Hz with a zero-
lag fourth-order Butterworth filter. These low-pass filtered signals were then time
interpolated over a single cycle of motion to conform to a normalized 200-point time
base. Each muscle’s activity was normalized to its peak activity recorded across all
conditions.

Normalized EMG data were used to estimate the co-contraction index (COI),
which represents the degree of simultaneous activation between agonist and antago-
nist’s muscle. The COI of the hip flexor-extensor (RF-BF) and knee extensor-flexor
(VL-ST) was assessed using the following (Eq. 1) [26, 27]:

2 x Common Area
COI = 100 1
(area EMG, + area EMG,) X M

where area EMG, and area EMG, represent the integral of the sum of agonist and
antagonist EMG data. Common Area represents the common area between agonist and
antagonist EMG data (Figure 2).

After confirming normal data distribution, repeated measurement of ANOVA was
applied to determine the difference in COI among the different conditions. The results
with a p-value < 0.05 were considered significant.

2.5 Auditory EMG-BF did not improve muscle co-contraction

We observed no significant difference in COIs among the conditions (Table 1).

Contrary to our hypothesis, auditory EMG-BF does not improve muscle
co-contractions. This might be because our auditory EMG-BF system might have
some problems. We suggest an idea for improving muscle co-contraction by auditory
EMG-BF.

Initially, let us discuss how muscle activity did not see enhancement. We hypoth-
esized that the regulation of muscle relaxation during pedaling presents more chal-
lenges because modulating force while muscles are relaxed is tougher than when they
are generating force [28]. Nevertheless, unsuitable patterns were noted in both the
relaxation of antagonist’s muscles and the activation of agonist muscles. In a qualita-
tive observation, the ST was found to be active between 270 and 360 degrees of the
crank angle in this study. This insufficient relaxation of antagonist muscle might cause
high COI of VL-ST around the top dead center. According to Candotti et al. [23], the
BF activation in triathletes was only seen from 0 to 180 degrees of the crank angle,

T,

e 2%l
* COl = — %100
{{.‘-k/\__i + //,4

Common area

Figure 2.
Illustration of COL
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Average + SD p-value

COI of VL-ST

NFB (%) 478 £13.1 0.83
VLFB (%) 488 +12.1

STFB (%) 48.1+13.0

VL-STFB (%) 49.24+12.0

COI of RF-BF

NFB (%) 54.1+£11.3 0.32
VLFB (%) 56.54+ 9.8

STFB (%) 535+ 12.0

VL-STFB (%) 55.9 £11.0

Table 1.

COI of VL-ST and RF-BF.

while cyclists showed activity beyond the bottom dead center, leading to the inference
that reduced BF activation contributes to a higher COI in triathletes. In our study, the
ST and BF activations beyond the bottom dead center were not significant under all
conditions. This insufficient activation of the agonist’s muscle could possibly lead to a
high COI of VL-ST around the bottom dead center.

2.6 Future issues for auditory EMG-BF to improve muscle co-contraction

Now, let us consider the issues related to the system. The lack of improvement in
muscle co-contraction observed in our study might be due to the suboptimal setup of
the EMG-BF system. Specifically, the EMG-BF system may not be fully capable of
translating muscle co-contraction. According to Peres et al. [4], the most accurate
muscle activation timing could be estimated when the feedback sound’s pitch and
loudness were adjusted [4]. In our study, we maintained constant loudness and varied
pitches to make it easier for the participants to discern different muscle activities.
When questioned about their muscle activity perception during the EMG-BF system
adjustment, the participants reported that they could discern individual muscle activ-
ities as well as the overlap of multiple muscle activities. Nevertheless, modifying the
feedback sound’s pitch and loudness might have been a more suitable approach.

Besides the matters of pitch and loudness, the differing feedback sounds of EMG
could potentially result from cognitive overload. In this study, participants identified
both the activation and relaxation of agonist-antagonist muscles either as a single beep
or a combination of different beeps. Previous research indicates that the simultaneous
processing of multiple pieces of biomechanical output information can decrease ped-
aling endurance performance due to information overload [29]. The auditory feed-
back from two muscles could indeed lead to the presentation of multiple pieces of
information. Nonetheless, it is generally accepted that multimodal stimuli are per-
ceived more accurately and quickly than unimodal stimuli [30, 31]. Sigrist et al. [32]
suggested that if the workload in one sensory modality is high, augmented feedback
should be provided in another modality or in a multimodal manner. This could
prevent cognitive overload, and therefore, might enhance motor learning. Consider-
ing this viewpoint, auditory information about the timing of individual muscle
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activities might be inadequate for modifying muscle co-contraction. For instance, in
our study, there was no feedback on the intensity of muscle co-contraction. To
enhance the feedback, the visualization of the COI might be a solution. Consequently,
it may be necessary to transform the signals of individual agonist and antagonist
muscle activation into a co-contraction signal. Moreover, a system that combines
visual feedback of COI with sound feedback that adjusts pitch and loudness based on
muscle co-contraction signals may be more effective.

2.7 Conclusion

We examined the effectiveness of using beep sounds with EMG-BF to enhance
muscle co-contraction. Our results indicated that EMG-BF did not improve muscle co-
contraction during pedaling. In order to boost muscle co-contraction via EMG-BF,
there might be a need to transform the signal of individual agonist and antagonist
muscle activation into a co-contraction signal. Our conclusion is that instant
improvement of muscle co-contraction during pedaling is challenging using individual
EMG-BF.

3. Visual EMG-BF for stabilizing walking
3.1 Introduction

Normal walking is typified by kinematic stability, evidenced by the steady patterns
of head and lumbar acceleration and the reduction of variability in trunk motion from
stride to stride at a regular walking pace [33, 34]. The root mean square (RMS) of
upper body acceleration is a frequently employed measure of kinematic stability, with
a higher RMS signifying instability in circumstances like walking on uneven surfaces
for healthy young adults or associating with an increased risk of falls in elderly
individuals [35, 36].

Rhythmic auditory stimulation (RAS), which employs a metronome, has been
implemented in physical therapy to correct irregular walking, thus enhancing cadence
and stride length, and decreasing stride time variability in patients with Parkinson’s
disease [37-40]. However, RAS with a fixed tempo could potentially cause unstable
walking in healthy adults [40, 41], indicating the possible necessity for non-stationary
auditory stimulation.

Electromyography biofeedback (EMG-BF) provides another non-stationary stim-
ulation technique, which could affect walking stability due to the direct influence of
muscle activity on joint force application [42, 43]. Previous research has shown that
EMG-BF enhances walking ability in stroke patients and children with cerebral palsy
[15, 17, 44, 45]. The goal of the current study is to build upon these findings by
investigating if EMG-BF improves walking stability in healthy adults, positing that it
reduces the RMS of the center of mass acceleration (RMS-CoM,.). This study repre-
sents the inaugural exploration of the impact of EMG-BF on walking stability in
healthy adults.

3.2 Experimental procedure and analysis

The study involved the participation of five women and seven men (women; age:
23 £ 5 years, height: 160 + 3 cm, body mass: 54 & 7 kg, men; age: 21 & 1 years, height:
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169 £ 3 cm, body mass: 66 + 4 kg [mean =+ standard deviation]). To gather kinematic
data, reflective markers were positioned on 24 body landmarks. These coordinate
positions were captured using a three-dimensional motion tracking system equipped
with 10 cameras, operating at a frequency of 100 Hz. We recorded EMG data from
four muscles in the right lower limb and trunk, specifically, the soleus (SOL), tibialis
anterior (TA), vastus lateralis (VL), and semitendinosus (ST).

The participants in this study were assigned two tasks: a maximum voluntary
contraction (MVC) task and a walking task. The MVC task involved four main move-
ments: ankle plantarflexion, ankle dorsiflexion, knee extension, and knee flexion.
Prior to recording the measurements, participants practiced each MVC task and the
RMS of the EMG data was computed around the maximum value for each MVC task.
The walking task had participants walk on a treadmill with or without EMG biofeed-
back. The biofeedback conditions included soleus (SOLBF), tibialis anterior (TABF),
semitendinosus (STBF), and a no biofeedback scenario (NBF). Before measurements
were collected, participants had a practice session on the treadmill. The EMG-BF
system would make a beeping sound if the muscle activity went above a certain
threshold based on the MVC. Each EMG-BF had three different thresholds, and the
order of the conditions was randomized. During EMG-BF, participants aimed to
sustain a consistent beep sound tempo.

Three-dimensional RMS-CoM,,. was used to gauge walking stability,
computed from the second-order derivative of the center of mass position
(anteroposterior [AP], vertical [VT], mediolateral [ML]). Statistical comparison was
conducted among the RMS-CoM,. across biofeedback conditions. For each biofeed-
back condition, only one threshold condition was extracted for comparison. This was
because the RMS-CoM,.. minimizing threshold condition varied among participants
and within the same participant, depending on the direction. Data normality was
confirmed with the Shapiro-Wilk test before conducting repeated measure ANOVA.
Significance was determined at p < 0.05, with marginally significant results consid-
ered at 0.05<p < 0.10.

3.3 Auditory feedback of soleus reduces RMS-CoM,. in AP and VT direction

We found that the RMS-CoM, in both the AP and VT directions was
significantly lower in the SOLBF condition than in the NBF condition (Figure 3),
indicating that the direction in which the RMS-CoM,,. decreases depends on the
muscle being used for biofeedback. An earlier study showed that the SOL and
lateral gastrocnemius muscles are responsible for decelerating the trunk
backward during the loading response phase and propelling the trunk forward during
the propulsion phase [46]. In addition, the SOL and lateral gastrocnemius muscles are
primarily responsible for the vertical acceleration of the trunk [46]. Since the SOL
plays a crucial role in creating both AP and VT trunk acceleration, SOLBF might
decrease the RMS-CoM,_. in both AP and VT directions. Moreover, in terms of
comfort, SOLBF seems to be the most suitable biofeedback condition. When asked
about the biofeedback condition that was easiest for modulating their muscle activa-
tion, most participants chose SOLBF. The SOL has a relatively distinct monophasic
waveform, unlike the TA and ST. The waveform’s shape could be related to the ease of
modulating muscle activation. The decrease in RMS-CoM, as a result of EMG-BF
could be related to both the biomechanical contributions to trunk acceleration and
usability.
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Figure 3.
Average RMS-CoM, in AP, VT, and ML direction.

3.4 Auditory EMG-BF did not reduce RMS-CoM,. in ML direction

We noted that EMG-BF did not decrease the RMS-CoM,. in the ML direction
(Figure 3). Previous studies suggest that the link between trunk acceleration in the AP
and VT directions is stronger than the connections between the ML and AP directions
and between the ML and VT directions [47]. This could suggest that the modulation of
trunk acceleration in the ML direction operates somewhat independently. This inde-
pendent modulation in the ML direction could be connected to the constant RMS-
CoM,. in the ML direction during EMG-BF. Another possible explanation for the
stable RMS-CoM,. in the ML direction is that we may not have chosen a muscle
involved in moving the body in the ML direction for EMG-BF. We chose the ankle
plantar flexor, ankle dorsiflexor, and knee flexor for EMG-BF, muscles primarily
involved in moving the body in the VT or AP directions. To reduce the RMS-CoM,
in the ML direction, we might need to select hip abductor or adductor muscles for
EMG-BF.

3.5 Conclusion

We aimed to find out if EMG-BF improves walking stability in healthy adults.
While EMG-BF did have a slight reducing effect on RMS-CoM,, this effect was
minimal. Notably, biofeedback of the ankle plantar flexor managed to decrease both
anteroposterior and vertical RMS-CoM,... We concluded that biofeedback of the
ankle plantar flexor can marginally stabilize the anteroposterior and vertical center of
mass acceleration during walking.

4. Summary and general discussion

This chapter deals with an introduction to our previous work and the latest
research we are working on. In our previous study, we investigated whether auditory
EMG-BF is effective in improving muscle co-contraction. Unfortunately, we found
that individual EMG-BF does not immediately improve muscle co-contraction during
pedaling. To improve muscle co-contraction by EMG-BF, it may be necessary to
convert muscle activation into muscle co-contraction. In our latest study, we
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investigated whether visual EMG-BF is effective in stabilizing walking. We found that
EMG-BF in soleus during normal walking partially stabilizes the center of mass accel-
eration.

Through two studies, insights have been obtained regarding the requirements for
constructing an EMG-BF system capable of enhancing dynamic movements. These
insights include:

* Converting muscle activity into discernible signals

* Selecting the most relevant muscles associated with the desired stabilized
movements as feedback targets

* Adjusting the threshold individually for auditory feedback

While research on static EMG-BF has been conducted for a long time, there
remains ample room for exploration regarding EMG-BF specifically aimed at improv-
ing dynamic movements. Consequently, it is necessary to construct a system based on
the aforementioned insights and validate its effectiveness in enhancing various
dynamic movements other than pedaling and walking.
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Abstract

Natural products and medicinal plants have been extremely important contributors
to the field of drug development due to their ability to bind to and change cellular
targets that have been linked to cancer. On the other hand, when it comes to the quest
for alternative treatments for cancer, bioinformatics and databases are of critical
importance to the field of cancer research. The knowledge of drug-target interactions,
the prediction of therapeutic efficacy and side effects, the identification of novel drug
targets and the repurposing of current medications are all made easier by computer-
aided drug design and network pharmacology. Through the use of bioinformatics,
researchers are able to get a more in-depth understanding of the biology behind
cancer and speed up the process of developing plant-based therapy options that are
effective, safe, affordable and available. In this chapter, we provide a comprehensive
review of computer-aided drug design and network pharmacology together with
their importance in plant-based drug discovery in the era of cancer.

Keywords: cancer, therapy, plant-based, bioinformatics, drug discovery

1. Introduction

Worldwide, cancer is a major contributor to mortality rates and a major bottleneck
to extending the human lifespan. Due to population ageing and growth, changes in
the prevalence and distribution of cancer risk factors and socioeconomic develop-
ment, the global burden of cancer incidence and mortality is increasing with 19.3
million new cases and 10 million deaths [1]. According to GLOBOCAN 2020, female
breast cancer remains the most frequently occurring with 2,261,419 new cases
(11.7%), followed by lung, prostate, nonmelanoma of the skin, colon stomach, liver,
rectum and cervical [1]. Tobacco, alcohol consumption, high body mass index, low
physical activity, endocrine disruptors, diet, socioeconomic status, hygiene and
infections are the major extrinsic risk factors for cancerogenesis, whereases genomic

15 IntechOpen



Recent Advances in Alternative Medicine

signatures and cancer-specific mutations predispose to malign transformation and
tumour development and progression [2-8].

Cancer development and progression are multistep processes. Fourteen hallmarks
have been identified as cancer signatures, and have been relevant to understand its
complexity and mechanism. These hallmarks include maintenance of proliferative
signalling and an uncontrolled capacity of replication and proliferation, evading
growth regulators, impaired regulation at the genomic level, evading the immune
system, immortality, resistance to apoptosis and cell death mechanisms, maintained
inflammation, polymorphic microbiome, senescence, genome instability and muta-
tions in genes of predisposition, impaired metabolomics and hypoxia, angiogenesis,
plasticity and invasion and metastasis [9].

Cancer genesis and its development mechanisms are linked to impaired signalling
pathways due to driver and/or passenger mutations [10]. The Ras-ERK and PI3K-Akt
signalling pathways are the major oncogenic pathways leading to uncontrolled prolif-
eration, cell death resistance, metabolism alteration and migration, if consecutively
active. Other pathways promoting the hallmarks of abnormal cells include Notch,
NF-xB, Wnt/p-catenin and Hedgehog.

Conventional treatment regimens include radiotherapy, surgery, hormone-based
therapy, chemotherapy and targeted therapy [11]. However, they are associated with
many side effects, treatment resistance and failure, tumour relapse and metastasis.
Therefore, there is an immediate need to develop and promote safe anti-cancer
drug alternatives and integrate them into the routine clinical medicine. Plant-based
traditional medicine is used worldwide as a first-stop therapy for the treatment and
prevention of many diseases, including malaria, asthma and cancer [12-14]. Thus,
there is a growing demand for serious scientific inquiry into the phyto-chemicals
responsible for the activities of these plants. Currently, there are over 3000 plant spe-
cies with confirmed anticancer properties [15], including Abrus precatorius, Albizzia
lebbeck, Alstonia scholaries, Anacardium occidentale, Asparagus racemose, Boswellia
serrata, Erthyrina suberosa, Euphorbia hirta, Gynandropis pentaphylla, Nigella
sativa, Peaderia foetida, Catharanthus roseus, Picrorrhiza kurroa and Withania
somnifera against various tumours. Interestingly, plant-derived secondary metabo-
lites and their analogues have been already approved and commercialised due to
their anti-cancer effectiveness and less toxicity (vincristine, paclitaxel, docetaxel...)
compared to synthetic therapeutics associated with side effects, non-specificity and
drug resistance [12, 15-19].

Unfortunately, research and development of new anti-cancer therapeutics is
highly expensive (2 to 10 billion USD) [20]. In addition to the high cost, therapeutics
are failing when brought to the clinical trials due to the high complexity and heteroge-
neity of cancer biology, plasticity and drug resistance [21]. Despite the sluggish pace
of anticancer medication development, a number of approaches are worth exploring.
New anticancer medications and the development of clinical paradigms around the
world may 1 day benefit from an improved understanding of tumour heterogeneity
and complexity.

Fortunately, the conventional drug research and development pipeline has been
significantly speeded up, and the cost is reduced via integrating computational
approaches and bioinformatics to provide more specific, cheaper, more effective and
safer plant-based alternatives to cancer therapeutics [17, 22-27]. In this chapter, we
aim to provide an explanation of the main computational approaches enhancing the
area of plant-based anti-cancer drug research, development and discovery. We will
discuss the pipeline of computer-aided drug design, and network pharmacology in
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order to promote the integration of medicinal plants and phytotherapy in the clinical
oncology for a better management of cancer.

2. Computer-aided drug design

Structure-based strategy relies on the known three-dimensional structure of the
proteins to define the interaction effect between bioactive compounds and the cor-
responding receptors to trigger therapeutic effects [28]. Biomolecular spectroscopic
technologies such as X-ray crystallography and nuclear magnetic resonance spectros-
copy (NMR) have improved our structural understanding of drug targets [29-32].
Hence, structure-based design can provide critical insights into new drug design,
development and discovering and optimising initial lead compounds [33]. Novel and
powerful, this computational strategy promotes medication discovery that is quicker,
cheaper and more effective [34]. The following diagram provides an insight into the
steps involved in structure-based drug design (Figure1).

The first step is to choose a protein target with a known three-dimensional struc-
ture and involvement in a disease pathway [35]. A small molecule drug requires a
binding site on the target. Getting the protein’s three-dimensional structure is the
next move. X-ray crystallography, NMR and other methods can be used for this
purpose. The protein’s structure can be utilised to locate locations where small-
molecule medicines might bind. Molecular docking software, which estimates how
tiny molecules might attach to the protein, can be used to examine these locations. In
order to find small molecule compounds that bind to a target protein with high affin-
ity and specificity after the binding site has been determined, a library of compounds
can be screened [36]. This can be achieved through the use of either high-throughput
screening techniques or virtual screening, or both. Compounds that fare well in the
first round of screening go on to have their potency, selectivity and other drug-like
qualities enhanced in subsequent rounds of testing [37]. Lead optimisation is the
process of improving a compound’s performance by altering the compound’s chemical
make-up. Molecular docking and dynamic simulation can be used to guide further
optimisation [38]. The compounds that show the most promise go through iz vitro
and in vivo testing to determine their safety and effectiveness. This requires evaluat-
ing the drugs’ pharmacokinetic and pharmacodynamic properties through testing in
animal models. At last, the most promising chemicals are put through human clinical
trials to determine whether or not they are safe and effective for use.

Available databases used for each step of the structure-based strategy are men-
tioned in the following table (Table 1).

In contrast to structure-based drug design, ligand-based drug design relies on
the discovery of novel compounds with similar or enhanced biological activity by
analysing the structural and physicochemical features of a ligand or a library of
small molecules. Figure 2 provides the steps involved in ligand-based drug design
approach. Finding a target protein that is essential in cancer progression or develop-
ment is the first step in ligand-based drug design. Followed by molecular docking
process, where it is necessary to have either the 3D structure of the target protein or
a homology model that might serve as a starting point [39]. After that, a library of
ligands is compiled that have been shown to have biological activity against the target
protein. The information in the database can come from either direct experimenta-
tion or from existing public sources in databases [39]. The binding mechanisms
and affinities of the ligands to the target protein are predicted using a molecular
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Figure 1.
Structure-based drug design flowchart.

docking programme. Drug discovery often uses molecular docking as it enables to
visually analyse binding modes before making decisions [40]. After the ligands have
been docked into the protein’s binding site, the resultant complexes are evaluated
according to their expected binding energies and interactions with the protein [38].
Predicted binding affinity, specificity and other physicochemical parameters are
used to rank and filter the docked ligands. The best ligands are chosen for more study
[41]. Computational chemistry techniques are then used to fine-tune the chosen
ligands in order to increase their binding affinity, specificity and drug-like char-
acteristics. Synthesis and experimental testing of the optimised ligands’ biological
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Step Database Link
Target The Cancer Genome Atlas (TCGA) https://www.cancer.gov/ccg/research/
selection genome-sequencing/tcga

cBioPortal

https://www.cbioportal.org/

Cancer Genome Interpreter

https://www.cancergenomeinterpreter.org/home

Cancer Cell Line Encyclopedia
(CCLE)

https://sites.broadinstitute.org/ccle/

DrugBank https://go.drugbank.com/
3D structure Protein Data Bank (PDB) https://www.rcsb.org/
retrieval RCSB Ligand Explorer http://ligand-expo.rcsb.org/
SWISS-MODEL https://swissmodel.expasy.org/
ModBase https://modbase.compbio.ucsf.edu/
Structural Classification of Proteins https://scop.mrc-lmb.cam.ac.uk/
(scop)
Active and Catalytic Site Atlas (CSA) https://www.ebi.ac.uk/thornton-srv/m-csa/
EZ::E?CS;:I] BindingDB https://www.bindingdb.org/rwd/bind/index jsp
Protein Data Bank (PDB) https://www.rcsb.org/
Conserved Domain Database (CDD) https://www.ncbi.nlm.nih.gov/cdd/
HOMSTRAD https://mizuguchilab.org/homstrad/
Ligands/small ZINC Database https://zinc.docking.org/
goﬁzzlcllles PubChem https://pubchem.ncbi.nlm.nih.gov/
optimisation ChEMBL https://www.ebi.ac.uk/chembl/
DrugBank https://go.drugbank.com/
BindingDB https://www.bindingdb.org/rwd/bind/index jsp
Table1.

Major databases used in structure-based drug design.

activities follow. Preclinical and clinical investigations are conducted on the opti-
mised ligands to determine their efficacy and safety. The findings are used to hone
the process for ligand-based drug creation and boost the precision and dependability
of computational approaches.
The ligand-based drug design strategy is a useful method for discovering novel
compounds that are both highly potent and selective against a target protein. To
guarantee the anticipated ligands have the requisite pharmacological properties and
can be converted into successful therapies, thorough validation and optimisation are

necessary.

Rapidly dividing cancer cells are the primary targets of unspecific chemothera-
peutic medications. However, certain normal cells are also affected, leading to the
adverse side effects of major chemotherapeutics. Targeted cancer therapies inhibit
the development and the progress of cancer by targeting certain proteins/molecular
abnormalities that are unique to each tumour. Currently, two types of targeted
medicines are developed: small molecule inhibitors and monoclonal antibodies.
The small molecules attenuate the impaired kinases and abnormally overactivated
signalling pathways, whereas monoclonal antibodies block extracellular proteins.
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Figure 2.
Ligand-based drug design flowchart.

The resistance to monoclonal antibodies-based targeted therapy is common and rises
due to the occurrence of mutations in the targeted proteins [42]. This is traced back to
the heterogeneity of tumours and genomic instability.
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Fortunately, a number of phytochemicals isolated from medicinal plants have been
shown to decrease the capacity of tumour growth and cell proliferation, arrest the cell
cycle, induce apoptosis, regulate the tumour micro-environment and inhibit metas-
tasis and angiogenesis [43-45]. Curcumin was shown to inhibit CD44 and CD166
and metalloproteinase-2, and downregulate Gli-1, Notch-1 and cyclin D1 in various
types of cancer, including colon, gastric, breast, head and neck and lung cancers. The
anti-cancer activity of curcumin has been studied in silico and iz vitro through the
analysis of its capacity to specifically target EGFR, metalloproteinase-2 and NF-xB,
cancer-specific proteins [46-48]. Similarly, molecular docking approach also con-
firmed the anticancer potential of curcumin and its analogues by showing binding
interaction with the GSK-3p, EGFR and Bcr-Abl proteins. Using chemical synthesis
and molecular docking, Naqvi et al. [49] have identified the inhibitory effects on
oestrogen receptors of a new chemically modified bioactive curcumin. Based on the
results of the computational investigation, the chemical in question is an effective
oestrogen blocker due to its low binding energy and high drug-likeness ratings, where
its antiproliferative effect has been proved iz vitro. Curcumin and its derivates exert a
xanthine oxidase inhibitory effect according to the in-silico study conducted by Malik
etal. [50]. Using molecular docking analysis and molecular dynamic simulation,
Rasul et al. [51] suggested a further lead optimisation of eugenol and its derivatives as
effective anti-cancer therapeutics against breast cancer. The compounds have shown
potent inhibitory effects on oestrogen receptors, progesterone receptors, EGFR,
CDK2, mTOR, ERBB2, c-Src, HSP90 and chemokines receptors, breast cancer-related
proteins. The compounds have displayed drug-likeness properties and stable protein-
ligand complexes.

Pharmacophore-oriented molecular design using natural templates is the last
resort for natural lead optimisation and helps accelerate optimisation of natural
product core structures to enhance their anti-tumour activities [52-54].

3. Network pharmacology

When applied to the study of medications, targets and disorders, network
analysis, systems biology and pharmacology all come together to form the develop-
ing area of network pharmacology [55]. Potential therapeutic targets can be found,
drug efficacy can be predicted, drug mechanisms of action can be understood and
drug repurposing can be investigated when network pharmacology is performed
[56]. Drug databases, protein-protein interaction databases, gene expression data,
disease-related databases and other pertinent sources of biological information are
the foundation of this approach [57].

Identifying the drug’s target proteins or genes is the first step [58-62]. Search
for the medicines and their known targets in drug databases like DrugBank
and PubChem [63-66]. Second, model the relationships among medications,
targets and diseases using biological networks. Several programs and applica-
tions exist specifically for this purpose of network analysis. For instance, you can
build a network that shows how drugs and diseases interact with one another [57].
Network topology analysis, cluster analysis, functional enrichment analysis and
pathway analysis are all part of the analysis of the resulting network. The purpose
is to discover key nodes or modules in the network that relate medications, tar-
gets and diseases [67]. The procedures of network pharmacology are depicted in
Figure 3.
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Figure 3.
Network pharmacology flowchart.

Besides Drugbank, BindingDB and Pubchem, Therapeutic Target Database
(TTD) enables the identification of therapeutic targets (proteins), their func-
tions and respective drugs [68]. In addition, Online Mendelian Inheritance in
Man (OMIM) database provides information about deregulated/mutated genes
implicated in various genetic diseases. Uniprot, a comprehensive protein database,
provides disease-related proteins, their structure, function, variations and their
involvement in diseases. Furthermore, Comparative Toxicogenomics Database
(CTD) focuses on the interactions between chemicals, genes and diseases via the
integration of data from toxicological, genomic and pharmacological aspects. Search
Tool for Interactions of Chemicals (STITCH) database provides information on the
chemical-protein interactions and drug-target associations. It allows the construction
of interaction networks, and analyse their functional implications. Moreover, Drug
Gene Interaction Database (DGIdb) and DisGeNET database provide information
on the potential therapeutic implication of associated genes and drugs. They explore
both drug-disease and gene-disease associations. ChEMBL database explores the
interaction between bioactive compounds and the target proteins. ChEMBL provides
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additional information on the potency, selectivity and the binding affinity of drugs
towards their disease-associated targets [69].

Regarding the network construction, various tools are available to analyse the
interactions between the drug candidates, the genes and the respective diseases
identified in the previous step. These tools include Cytoscape and cytoscapsejs,
Search Tool for the Retrieval of Interacting Genes/Proteins (STRING), GeneMANIA,
Ingenuity Pathway Analysis (IPA) and NetworkX. It is noteworthy that two types
of networks exist: drug-target interaction network and drug-disease interaction
network. First, drug-target interaction network represents the direct association
between the identified drugs and their selected targets/proteins that they interact
with [70, 71]. The molecular mechanism of the drugs on their protein/gene targets
could be depicted by capturing the direct interactions between the two entities
[72, 73]. However, repurposing medications, discovering new treatment opportuni-
ties and novel drug candidates and learning more about the connections between
pharmaceuticals and disorders are all possible with the use of a drug-disease interac-
tion network [74].

Different approaches can be used to explore and analyse the constructed network,
including pathway analysis, functional enrichment analysis, topology analysis and
clustering analysis (Figure 4). The topology analysis examines a network’s structure
and characteristics. It aids in understanding network organisation, connectivity pat-
terns and key nodes and edges. Network topology analysis methods include the study
of the network’s nodes’ degree distribution (number of connections of nodes) [57]. It
helps detect a power-law distribution or normal distribution. Measuring the number

Path length analysis
Degree distribution

‘ Betweenness centrality.
= L I Modularity Analysis

Nelwork motifs

Closeness centrality

Clustering coeflicient

Degree cemrality.

Background set for comparaison

Figure 4.
Approaches used for biological network analysis.
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of connections of each node presents the degree centrality analysis where central or
prominent nodes have higher degrees. In addition, the betweenness centrality, how
many shortest pathways a node is on, affects the interaction flow, whereas nodes with
higher betweenness centrality have a greater influence on the interactions. Another
topological parameter is the closeness centrality, which measures a node’s network
proximity. It calculates the average shortest path between nodes. High-closeness cen-
trality nodes are more accessible and can swiftly transduce the signals in the network.
The coefficient of clustering measures nodes’ neighbours’ connectivity, where high
clustering coefficients suggest strongly connected network units. Another parameter
of topology aspect is the network motifs, which are repeated interconnection patterns
among a small collection of nodes revealing local connection and functional units.
Moreover, modularity analysis detects coherent groups or communities of nodes

in a network by comparing the density of connections between nodes in the same
community to those in different communities. Finally, path length analysis finds the
average shortest path between all pairs of network nodes. It shows the efficiency of
signal transduction.

From another aspect, analysing the network from clustering outlook uses con-
nection patterns to find node clusters. It seeks meaningful structural and functional
network units and reveals network organisation, community structure and interac-
tions. Common clustering analysis approaches are modularity- and density-based,
hierarchical, K-Means and spectral clustering. The modularity-based clustering
measures the strength of network communities (modules). It optimises the modular-
ity score to locate groups of nodes with dense internal connections and sparse exter-
nal connections. It is worth noting that the communities are located based on network
structural features: the community detection method. The density-based clustering
clusters dense node regions based on the density of connections within a region of
the network. K-means clustering divides the network nodes into K-related clusters.

In addition, overlapping clustering finds nodes that belong to numerous clusters or
communities.

The analysis of a network from pathway and functional aspect aims to investigate
the molecular signalling pathways that are significantly enriched among the identi-
fied genes/proteins in the constructed network. Briefly, a set of nodes is identified
based on differentially expressed genes, topological features or network clusters or
modules. Genes/proteins could be, then, annotated and mapped to the correspond-
ing signalling pathways in databases like KEGG, Reactome and WikiPathways using
corresponding identifiers. To annotate the nodes with relevant biological informa-
tion, such as gene symbols, protein identifiers or other functional annotations, Gene
Ontology (GO), KEGG and other functional databases could be used.

Interestingly, network pharmacology enable the identification of particular
molecular targets and signalling pathways involved in tumorigenesis and other cancer
characteristics. In addition, network pharmacology helps predict the efficacy and
potential adverse effects of novel/alternative anticancer therapeutic candidates by
conducting protein-protein interaction networks, drug-target networks and drug-
disease networks, and by integrating gene expression data. Network pharmacology
has been shown to be an effective method for investigating the breadth and depth of
mechanism of action exerted by medicinal plants. Furthermore, it provides oppor-
tunity for drug repurposing in the treatment of cancer. Researchers can identify
existing/novel drugs and biomolecules with the potential to modulate specific cancer-
related pathways or targets. In addition, this holistic approach facilitates the identifica-
tion of novel biomarkers and therapeutic targets, allows for a more comprehensive
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understanding of cancer biology through integration of multi-omics data and contrib-
utes to the development of precision and personalised medicine,, therefore, enhanc-
ing treatment efficacy. Potential therapeutic targets and cancer-related signalling
pathways affected by drugs and plant-based chemicals can be predicted with the aid
of network pharmacology. A recent study conducted by Sakle et al. [73] is one of the
successful stories. The study uncovered the exact molecular mechanism of Caesalpinia
pulcherima against breast cancer. The approach enabled the precise identification of
four active compounds and 150 target genes involved in the anti-cancer activity of the
plant. Zhang et al. [75] have been able to elucidate the potential of Rheum palmatum
L. to induce apoptosis, and the exact molecular mechanism of the plant involving

16 active phytocompounds, targeting 563 lung cancer-related genes. In Lee et al.

[76] have been able to elucidate the molecular mechanism exerted by three plants:
Cordyceps militaris, Lonicera japonica Thunberg and Artemisia capillaris Thunberg,
combined, against breast cancer. The study has demonstrated 18 phytocompounds are
responsible for the anti-cancer effect by targeting 140 breast cancer-related genes. Jin
etal. [77] studied the pharmacological effect of Xiao-Chai-Hu-Tang against colorectal
cancer. The study revealed, precisely, the synergism of quercetin, kaempferol, stig-
masterol, acacetin and baicalein to target COX-2, cyclin B1, NR3C2, CA2 and MMP1.
Taken together, network pharmacology enhances the plant-based drug research,
discovery and development [78].

4, Conclusion

In conclusion, because of their potential to bind and modify cellular targets
implicated in cancer, natural products and medicinal plants have played a crucial role
in drug discovery. Their promise in traditional medicines is highlighted by their low
toxicity, low cost and convenience of availability. On the other hand, bioinformatics
and databases are of vital significance to cancer research when it comes to finding
therapeutic alternatives. Computer-aided drug design and network pharmacology
facilitate the comprehension of drug-target interactions, the prediction of drug effi-
cacy and adverse effects, the identification of novel drug targets and the repurposing
of existing drugs. These applications enable researchers to obtain a deeper under-
standing of the biology of cancer and expedite the creation of effective plant-based
therapeutic strategies.
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Chapter 3

Spices Are Also Medicine:
Some Studies on Antioxidant
and Antibacterial Activities of
Spice Plants in Vietnam

Le Quynh Mai

Abstract

Spices are commonly used in the daily meals of Vietnamese families. They not
only bring a specific flavor to the dishes but are also drugs that help naturally increase
disease resistance. Spices are also used in folk remedies to cure or prevent certain
diseases. When the world faces the quick change of pathogenic microorganisms,
antibiotic-resistant bacteria regularly appear, then searching for more natural sources
of medicine becomes necessary. Many studies have been conducted to screen bioac-
tive substances from the rich and diverse plant sources of Vietnam. Extracts from
spices and several spice mixtures were evaluated for their antioxidant and antimicro-
bial activities, indicating their potential as medicine. In this chapter, some research
on the antioxidant and antibacterial activities of spice plants in Vietnam and some
traditional ways to use spices as medicine will be presented.

Keywords: antibacterial activity, antioxidant activity, folk remedy, medicinal plant,
spice plant, traditional therapy

1. Introduction

Plant-based spices are added to dishes to give them a certain smell and taste. In the
cuisine arts of countries around the world, the combination of spices helps to create
the characteristics of each dish as well as the characteristics of each country’s cuisine.
Although spices and herbs are often classified as spices which are the dry parts of
the plant and herbs as the leaves [1], Vietnamese people often use both fresh and dry
types as spices.

Vietnamese food culture is diverse with many delicious dishes. The spices are
associated with the dish’s main ingredients such as galangal with dog meat, lime
leaves with chicken, ginger with fish, lemongrass with shrimp. The spices are also
associated with the cooking methods, for example, garlic with stir-fried dishes, lime
or kumquat with salads, ginger or lemongrass with boiled dishes, five-spice powder
(mixture of cinnamon, fennel seeds, star anise, Sichuan peppercorn, and cloves) with
fried or grinned dishes. Spices are essential ingredients to create the characteristics
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of Vietnamese dishes, and they are commonly used in the daily life of Vietnamese
families. Spices are also used as natural drugs in folk remedies to cure or prevent
certain diseases.

Many studies in the world have been conducted with spices [2-11]. The antibacte-
rial activity of six common spices including clove (Syzygium aromaticum L.), black
pepper (Piper nigrum L.), turmeric (Curcuma longa Linn), ajowan (Trachyspermum
ammi L.), coriander (Coriandrum sativum L.), and cinnamon (Cinnamomum zeylani-
cum BL.) against 10 bacteria strains was studied. The results indicated that the main
active compounds in those spices were probably in their essential oils and cinnamon
followed by clove had the highest antibacterial capacity [2]. An elaborate review that
consulted 241 pieces of literature on antibacterial and antifungal characteristics in
spices was also performed. Thereby that summarized the evaluating studies about
the antibacterial ability of spices such as cinnamon, black pepper, coriander, clove
(Eugenia caryophyllata), oregano (Origanum vulgare), thyme (Thymus vulgaris),
cumin (Cuminum cyminum), rosemary (Rosmarinus officinalis), garlic (Allium
sativum), ginger (Zingiber officinale), basil (Ocimum basilicum), fennel (Foeniculum
vulgare), and galangal (Alpinia galangal). Many other spices were also determined by
anti-microorganisms such as yarrow, cardamon, dill, calamint, croton, poejo, hyssop,
lavender, lichen, nutmeg, basil, aniseed, savory [3].

The diversity of plants that can be used as spices is enormous. Beside popular
spices that are mentioned previously, there are many others such as rosy garlic, wild
garlic, oriental mustard, black cumin, chili pepper, bitter orange, common croton,
horned poppy, common fennel, bay laurel, fever tea, mountain pepper, lemon
balm, peppermint, myrtle, lesser cat-mint, black cumin, holy basil or tulsi, clove
basil, common olive, sweet marjoram, African long pepper or wild pepper, Sicilian
sumac or elm-leaved sumac, garden sage, campion, summer savory, black thyme or
Mediterranean thyme [3]. There are some problems in identifying them. Many spices
are commonly named after regions; however, it is not clear the region of plant growth
or the place where the spices are used. For example, Ethiopian cardamom, Persian
shallot, Indonesian cinnamon, Persian cumin, Mexican oregano, Spartan oregano,
English mint, Macassar nutmeg, Dutch myrtle, American basil, African basil, Java
tea, Syrian rue, Jerusalem sage, Mediterranean thyme, Sicilian sumac, Jamaica pepper,
African long pepper, Ashanti pepper or Benin pepper. There are many synonymous
scientific names for the same spices; for example, Trachyspermum ammi and Carum
capticum (ajwain or ajowan), Eugenia caryophyllata and Syzygium avomaticum (clove).
Some relative species belong to the same genus but are called with different common
names as different spices, for example, small peppermint (Thymus piperella) and
creeping thyme (Thymus serpyllum). Even, one certain plant species is called as dif-
ferent spices, for example, conehead thyme or Persian-hyssop, or Spanish oregano all
are Thymus capitata (or Thymus capitatus). Some plants are used without any common
name such as Thymus eigii.

Spices are known to have many antioxidants [4-6, 11]. They are mainly bioactive
secondary metabolites of plants, which consist of terpenes, phenolic compounds,
and nitrogen-containing compounds. The mechanisms such as blocking free radicals,
acting as oxygen scavengers, and chelating metal ions capable of catalyzing oxidation
are the main actions of antioxidants [4]. The antioxidant capacity of spices has been
assessed mainly because of their essential oils, so fresh herbs are often found to have
high antioxidant capacity. Therefore, the extraction solvent affects the antioxidant
capacity of spices in the studies [4, 6]. Daily, spices are often used raw, in hot water,
or soaking in wine for a period (then using wine). Water and alcohol solvents become
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important solvents when evaluating the effectiveness of spices as natural antioxi-
dants. Milda E. Embuscado reviewed the antioxidant activity of hot water extracts
of spices and showed four spices including clove, thyme, rosemary, and savory that
had DPPH radical scavenging activities higher than 50% [4]. Usually, spices are used
in combination rather than individually, so studies on the differences in bioactivities
of individual spices and the combination of spices and mixtures of spices with some
other compounds are also of interest [5].

In Vietnam, studies on the antibacterial and antioxidant activities of spices have
also been conducted on a wide range of species, varieties, cultured areas, methods of
extracting bioactive compounds, etc. In this chapter, several studies are mentioned as
examples of the priority research directions on spices in Vietnam. More importantly,
some traditional therapies of using spices in disease prevention and treatment are
presented for readers to understand more about the role of spices in Vietnam.

2. Some research on the antioxidant and antibacterial activities of spices
in Vietnam

In Vietnam, through traditional uses, there have been some summaries on the
antibacterial and antioxidant capacities of daily used spices [12, 13]. Many spices are
also mentioned in the list of medicinal plants in Vietnam [13, 14]. Since 1961, the direct
extracts from garlic (Allium sativum L.) and fragrant garlic (Allium odorum L.) in
Vietnam have been found that have antibacterial activity against seven bacteria strains
(according to [13]). Inhibition zone diameters of the fresh garlic extract were greater
from 1.5 to 2.5 times than fragrant garlic extract, and they lost their activities if used
in the form of decoction. Vietnamese balm (Elsholizia ciliata) is known as effective
in treating many diseases, including flu, cold, allergies, bleeding nose, and ban on
speech (traditional ion therapy also mentions leprosy). A study on Vietnamese balm
showed that its essential oil contains many active substances and the most abundant
was verbenol. Vietnamese balm essential oil inhibited the growth of E. coli as well as
Salmonella [15].

Searching for new effective and safe cures, and new therapeutic modalities in dis-
ease prevention and treatment has always been of great interest to researchers in the
world. In recent years, studies on bioactivities and bioactivity compounds from plants
have also been widely conducted in Vietnam. And beside medicinal plants, spices are
a group of plants that are of great interest. In studies on antibacterial activity, spices
were studied and compared with medicinal plants [16]. According to the research on
in vitro antibacterial activity of 18 eligible herbs and 21 medicinal plants against six
strains of Burkholderia pseudomallei (causative agent of melioidosis), and seven other
enteric bacteria, garlic, and fragrant garlic juices showed a broad spectrum of anti-
microbial activity but lost its activity when was treated with high temperature [16].
The juice, the aqueous extract, and the alcohol extract of different plant parts were
also tested and compared quite often because of the traditional ways to use the spices.
The bioactivity compounds of plants may vary in content in different parts of plants
grown in different regions [17, 18]. Lemongrass (Cymbopogon citratus) plants from
three provinces: Hoa Binh, Ha Nam, and Nam Dinh were separately extracted essen-
tial oil in stems and leaves [18]. The results showed that lemongrass essential oil had
antibacterial activities against Enterococcus faecalis, Shigella flexneri, Escherichia coli,
Streptococcus pneumoniae, Staphylococcus aureus, and Klebsiella pneumoniae but not
Salmonella typhi. Lemongrass oil extracts from stems inhibited the growth of bacteria
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better than extracts from leaves. Essential oil from Hoa Binh province lemongrass has
both better antioxidant and antibacterial properties than plants from other provinces.
Especially, the essential oil from both leaves and stems of plants collected from

Nam Dinh province did not have anti-Streptococcus pneumoniae activity, while those
collected from the other two provinces did [18]. There are some fruits that fruit juice
is commonly used to drink as lime and kumquat are considered spices in Vietnam.
Kumquat (Citrus japonica Thumb.) is one of the decoration plants in the traditional
Tet holiday in Vietnam as the symbol of prosperity and affluence. In folk remedies,
kumquat can be used as an ingredient for cough treatment and digestive support, and
is good for the liver and spleen. Biological active substances contain in lime (Citrus
aurantifolia) juice can reduce scurvy, a vitamin C deficiency symptom that leads to
gingivitis, spontaneous bleeding, and weakness. Lime is used to treat fever and cough,
and indigestion in tradition. Recently, studies have shown that lime concentrate has
antibacterial and antioxidant properties and has a protective function against liver
cell damage due to the harmful effects of alcohol (following the review in [19]). The
combination of lemongrass stalks and the peels of lime, ginger tubers, and kumquat
peels were tested for antioxidant and antibacterial activities and comparison of their
activities with the activities of some medical plants was made [20]. The extract of
ginger and kumquat mixture at the concentration of 0.1 mg/ml presented the highest
free radical scavenging activity in the study. The activity even was 1.4 to 1.6 times
greater than Pluchea indica and Stephania glabra (two medicinal plants). Extract of
ginger and kumquat mixture was also effective in inhibition against Bacillus cereus,
Staphylococcus aureus, and Vibrio parahaemolyticus through the agar well diffusion
assay greater than Drynaria fortunei and P. indica; however, less than the ability of
the extract of S. glabra [20]. The antibacterial ability of spices in addition to drug
development applications for humans has also been studied with pathogenic micro-
organisms on animals and plants applied in the fields of agriculture, cultivation, and
animal husbandry [21, 22].

The comparison between the antioxidant abilities of close species or different
varieties was done in Vietnam due to the enormous diversity of plants. Antiseptic,
deworming, and detoxification of vines in family of Paederia attract the attention of
researchers. A study that assessed and compared the antioxidant activity of sewer
vines (P, lanuginose Wall.) and stink vines (P, foetida L.) was done [23]. Vine leaves
are found to have high levels of polyphenols and vitamin C, which mainly contrib-
ute to the antioxidant activity of their extracts. The drying process may cause the
decrease in bioactivity [23]. Ethanol extracts of three spices: turmeric (Curcuma
longa), green turmeric (C. yunnanensis), lesser alpinia (Alpinia conchigera), and five
other plants were tested antioxidant and antifungal activities in a study [24]. The
total polyphenol content in C. longa extract was about 4.5 times higher than in C.
yunnanensis (44,87 + 0,14 compared to 10,07 + 0,18 mg GAE/g extract), while the
flavonoid content of green turmeric was light higher (144,98 and 110,75 + 6,38 mg
QE/g extract). A. conchigera was observed possessing highest flavonoid content in
ethanol extract, 2.5 times higher than turmeric. Research has also shown that tur-
meric (yellow turmeric) has a higher antioxidant capacity than green turmeric [24]. It
is understandable why yellow turmeric is used more commonly than green turmeric.

Other research directions with spices (as well as with bioactive plants) are the study
of methods to evaluate extract composition, protocols to extract, and purify of poten-
tial bioactive compounds beside evaluating bioactive activities [25, 26]. The develop-
ment of nanotechnology with the potential of targeted drug delivery is also a new
research direction using extracts from spices. Turmeric became a potential object of
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nano-research due to its well-known active ingredient curcumin [27-29]. Then, other
spices have also been noticed. Some bioactive compounds found in spices as rutin,
allicin, gallic acid, quercetin, ... are the potential materials for nanoparticle formation.
A study was done to synthesize silver nanoparticles using shallot (Allium ascalonicum
L.) in Nong Lam University, Ho Chi Minh City. Pleasant Himalayan mint (Elsholtizia
blanda) and Padang cassia (Cinnnamomum burmanni) were in the list of 19 plants
screened for synthesis silver nanoparticles in the University of Medicine and Pharmacy
in Hanoi [14]. The bioactivity of nano-spices was also tested. Nano-silver particles
synthesized using ginger extract as a reducing agent have shown antibacterial activity
on both Gram (—) and Gram (+) strains presentative by E. coli and S. aureus [30].

3. Some traditional ways to use spices as medicine in Vietnam

In Vietnam traditional methods to prevent flu raw garlic, ginger, galangal, lemon-
grass, as well as scallion are regularly used. In the countryside, many families have a
bottle of alcohol at home with soaked garlic inside, to cure the flu, fever, back pain,
stomach pain, difficult digestion, flatulence, running nose, stuffy nose or even sinus-
itis, and hypertension. Parts of plants such as leaves, bud, flower, fruit, seeds, root,
rhizome, stem or even bark are used as spices, as well as medicine. There are many
ways to make spices into medicine. Eating raw spices is easy and common and can be
daily used but to treat certain diseases the dose needs to be increased. Fresh juice of

Scientific name Vietnamese name/ Treatment diseases Ways to use
common name
Allium fistulosum L. Hanh/ spring onion, Cough, expectorant, Eat raw
scallion diuretic, reduce malaria, Drink scallion juice
edema
Blister Apply crushed leaves to
the pain
Pustules Scallion essential oil

Rhinitis, stuffy nose

Drop scallion juice into the

nostrils
Threatened miscarriage Decoction
Allium odorum L. or He/ fragrant garlic Cough, diarrhea, flu, Eat raw

A. tuberosum Roxb.

flatulence

Drink fresh juice

Nocturnal emission

Aqueous extracts of leaves
or fruits

Allium sativum L. Téi/garlic

Flu, typhoid, cholera,
diphtheria

Eat raw or drink garlic juice

Dysentery

Garlic crushed in water,
filter to extract garlic water
to drink and apply to the
pain

Flu, sinusitis, bronchitis Garlic wine

hypertension

Snake bite Apply crushed garlic to
the pain
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Scientific name Vietnamese name/ Treatment diseases Ways to use
common name
Alpinia officinarum Riéng/ galangal Stomachache, diarrhea, Decoction
Hance flatulence, indigestion, Drink fresh juice
cold, fever, vomiting Galangal wine
Toothache Chew raw galangal
Amomum Théo qua/cardamon Malaria, stomachache, Use fruit powder

aromaticum Roxb.

vomiting, phlegm, poor
spleen function

Halitosis

Crush fruits, keep in mouth

Amomum
longiligulare and
A. villosum Lour.,

Sa nhan/ amomum

Toothache

Keep seeds in mouth

Stomachache, flatulence,
indigestion, cholera,

Eat seeds

Acanthospermum dvsenter
. sente
xanthioides Wall. 4 y
Anethum graveolens Thia la/dill Cold stomach, flatulence, decoction of dried plant
L. or Peucedanum vomiting, urinary
graveolens retention
Mother’s milk insufficiency Essential oil extract from
fruits
Cinnamomum Qué/cinnamon Arm and leg spasms/ Cinnamon powder
loureirii Nees. and cramps, Back and knee Cinnamon tea
Cinnamomum numbness, abdominal
cassia, C. zeylanicum pain, menstrual blockage/
amenorrhea, urinary
retention
Coleus aromaticus Hung chanh/ Flu, cough, asthma, Eat raw
Benth or C. soup-mint Drink fresh juice
crassifolius Benth .
i Insect stings Apply crushed leaves to
the pain
Coriandrum sativum Muii/coriander Reduce complications of Apply crushed coriander
L. measles fruits mix with coriander
wine to the body
Cold, cough, fever, Aqueous coriander
headache
Mother’s milk insufficiency Boil coriander fruits in
water, drink the water
twice a day
Curcuma longa L. Nghé/turmeric Wound, getaburn Apply fresh rhizome

or C. domestica
Lour. And C.
xanthorrhiza

extraction to the pain

Stomach ulcers

Eat turmeric powder/
turmeric powder mix with

honey

Hemoptysis, nosebleed

Orally use turmeric powder
with water

Skin swelling, arthritis

Turmeric wine

Infected wound, uterine
ulcer, cervicitis

Turmeric oil
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Scientific name Vietnamese name/ Treatment diseases Ways to use
common name
Cymbopogon S&/ citronella grass Urinary retention, fever Drink fresh juice from

nardus Rendl and
Cymbopogon citratus

and lemon grass

stack or decoction
Lemongrass essential oil

Elsholtzia cristata
Willd or E. ciliata

Kinh gi6i/
Vietnamese balm or

Fever, headache,
nosebleeds, bloody stools,

Decoction (dried whole
plant)

(Thunb.) Hyl. crested late summer bloody urine
mint Loss speech Make tea with dried flower
Allergies powder
Enhydra Ngé/helencha, Abdominal distension, Decoction (shoots)
Sfluctuans Lour. or water cress, buffalo hemorrhage, hemoptysis
Cryp hwsgermum spinach Inflammation Apply crushed shoots
repens, Hingtsha
repens, Tetraotis
paludosa
Houttuynia cordata Diép ca/ fish mint Hemorrhoids, pimples Eat raw
Thumb. Drink fresh juice
Apply crushed leaves to
the pain
Headache Apply crushed leaves on
forehead

Irregular menstruation,

Decoction (dried whole

urinary retention plant)
Tllicium verum Hbi/star anise Indigestion Decoction (fruits)
Hook f.
00K Pain, numbness Apply star anise wine to
the pain
Mentha arvensis L. Cay bacha/ corn Flu, cough, stuffy nose, Eat raw
mint Drink fresh juice
Headache Massage forehead with
mint oil
Rash Apply crushed leaves
Ocimum basilicum Hiing qué/basil Sore throat, chicken cough, Eat raw leaves
L. stomachache, toothache Use essential oil
Constipation, urinary Aqueous extract
retention,
Paederia tomentosa MG tam thé/ Dysentery Eat fried egg mixed with
L. or P, foetida skunkvine small cut leaves

Kidney stones, urinary
retention

Decoction leaves

Rheumatism and
numbness

Drink juice extracted from
leaves and massage with
residue

Perilla frutescens

Tiat6é/ Vietnamese
perilla

Cough, digestive
stimulant, pain relief,
detoxification

Eat raw or dried leaves

Asthma, rheumatism

Decoction dried fruits
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Scientific name Vietnamese name/ Treatment diseases Ways to use
common name
Petroselinum sativum Muii tay/Persil Urinary retention, Decoction fruits
Hoff. or Carum irregular menstruation
petroselium Inflammation Apply crushed leaves
Piper lolot C. De L4 15t/lolot Bone pain, rheumatism, Decoction dried leaves
Diarrhea Decoction dried leaves
Sweaty feet/hands Foot/hand bath with warm
water of slowly cook dried
leaves
Piper nigrum L. Tiéu/black pepper Stomachache, cold Pepper wine
Indigestion Pepper/ pepper powder
Polygonum odoratum R3am/ Vietnamese Reduce libido, vomiting, Eat raw
Lour. coriander urinary retention
Ringworm, impetigo Crush leaves, add wine and
apply to the pain
Snake bite Crush leaves, extract juice
to drink, and apply residue
to the pain
Syzygium Dbinh huong/clove Diarrhea, vomiting, Use dried clove buds
aromaticum stomachache, indigestion
L. or Eugenia Toothache Clove essential oil
caryophyllata
Zingiber officinalle Gling/ginger Vomiting Take a slice of ginger
R
ose Sore throat, cough Drink hot water/tea adding
ginger
Take a slice of candied ginger
Cold, flu, headache Massage body with ginger
wine
Cholera, dysentery Grind dried ginger, orally
use with rice water or
porridge
Table 1.

Vietnamese traditional ways to use spices to treat common diseases [12, 13].

spices that are extracted by grinding or crushing fresh material and extract solution.
The same way to make fresh juice but in addition of an amount of water can be done
with fresh and dried spices after filtering aqueous extracts are obtained. Spice of wine
is obtained by soaked materials in water or in wine (alcohol) in a period. Decoction
means slowly cooking/boiling the plant parts in water. With wounds, skin diseases or
diseases of muscles, bones and joints, spices can be crushed or chopped and applied
to the painful area. Sometime spices are pulverized into fine powders, and sometimes
spices tea can be made by being kept in hot water for a while. Essential oils are quite
often extracted from both fresh and dried spices depending on the species. The ways
to use individual spices were summarized (Table1).
Spices are also used in combination with each other and with some other herbs or
plants to treat several diseases in daily life (Table 2).
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Combination

Disease treatment

Way to use

Dried ginger, galangal

Malaria, fever, loss of

Mix grind powders with pig

appetite gallbladder fluid to make pills,
orally use the pills
Ginger, cardamon, chebulic Malaria, a cold, dehydration, Decoction
myrobalan - kha t (Terminalia loss of appetite
chebula Retz.)
Dried ginger, licorice—cam théo Headache, cold stomach, Decoction
(Glycyrrhiza glabra) vomiting, phlegm
Ginger, rhizome of Bengal arum— Asthma, vomiting Decoction

ban ha ché (Typhonium trilobatum
(L.) Schott.)

Black pepper, Bengal arum, ginger

Diarrhea and vomiting

Equal mixture of grinded pepper
and Bengal arum, orally use with
ginger water

Dried fish mint, common jujube—

Middle ear swelling, milk

Decoction

tdo tau (Ziziphus jujuba) fruit duct swelling

Galangal, lemon grass, pomelo— Flu, cold Boil leaves in water, take a bath
budi (Citrus maxima (Burm.) Merr.)

Vietnamese perilla, lemon grass, Flu, cold Boil leaves in water, take a bath
bamboo—tre (Bambusa arundinacea

(Retz.) Willd.), pomelo

Vietnamese balm, Vietnamese Vomiting Eat raw mixture of leaves

perilla, tulsi—huong nhu (Ocimum

sanctum L.)

Vietnamese balm, ginger Arthritis Apply crushed leaves adding with

crushed ginger to the pain

Table 2.
Some of the spices combination and spices combine with other plants are used in disease treatment [13].

4, Conclusion
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Plant-based spices are used in daily life to help us naturally resist some common
diseases. We can still rely on spices to be cured from runny nose, headache, cold, and flu
without knowing it. It is thanks to the antibacterial and antioxidant properties of spices
that they can resist diseases. Spices also have antifungal activity, the ability to inhibit
cancer cell development, increase resistance, immune system support, supplement
nutrition, etc. Spices have been and will be a potential source for research and develop-
ment of new drugs. Indeed, spices have long been present in Vietnamese remedies to
treat several diseases as summarized in this chapter. Research on spices will still be
carried out more deeply and widely to exploit this marvelous source of medicine.
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Chapter 4

Unexpected Results with New
Homeopathic Complexes: A Review
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Abstract

Despite homeopathy being a therapy that has been around for over 200 years, it
still arouses controversy, both because of the high dilutions in which it is administered
and because of the methodologies used in research, which are not always adequate
to reach a definitive conclusion. Our group has been researching the action of single
homeopathic products and homeopathic complexes on immune system cells and on
tumor cells, both animal and human, for over 25 years. In this chapter, we intend to
summarize the main results obtained in theses and dissertations, products of aca-
demic research with strict controls, all carried out by nonhomeopathic professionals,
mainly by biologists and biochemists, whose conclusion is unquestionable. We may
not know the detailed mechanisms of action of homeopathy, just as we do not know
about most allopathic medicines, medicines that often work one way in a patient. In
some people, the doses must be tested, or even sometimes have a paradoxical action in
others. The results were surprising, and here we will present two of the investigated
complexes, which have already been published with different names or acronyms, but
which, in recent years, have been referred to as M1 (mixture 1) and M8 (mixture 8),
letters and numbers used in a large double-blind study conducted.

Keywords: immune system, homeopathic complexes, macrophages, tumor cells,
cytokines

1. Introduction

The growing popularity of complementary and alternative medicine in the
public sector is reflected in the scientific community by an increase in the number
of scientific papers attempting to assess the efficacy of therapeutic effects. Data on
biological effects of ultra-dilutions are investigated with laboratory studies under
carefully controlled conditions. The use of models with plants or animals allows the
observation of direct responses, which eliminates subjectivity and speculation regard-
ing to placebo effect, which is the main criticism in relation to studies with humans.
The lack of conclusive studies that provide information on how homeopathy works,
led us to test some homeopathic medicines, widely used by homeopathic physicians,
using macrophages as biological models, as well as other cell types. To find out which
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medicine to look for, we held a meeting with homeopathic physicians with extensive
clinical experience, asking which quick results suggested action on macrophages or
other cells of the immune system. We were informed that some medications are even
suggested as first aid, acting first on the symptoms, for example, pain and fever, and
then they look for the “background medication.” These drugs were exactly the ones
we were interested in. These medicines were tested in macrophages culture, individu-
ally and mixed. These cells responded to all products, and surprisingly differently for
each product. The results with Mercurius solubilis were the only one of the published
single drugs [1]. The more interesting result is that Merc sol stimulated different
macrophages answer, modulating the liberation of cytokines and reactive species
production. Lower dilutions increase interferon-gamma (IFNy), while the higher
ones augmented IL-4 production after iz vitro treatment. It should be noted that
IFNy promotes Th1 cell responses and IL-4 leads to Th2-type humoral immunity and
is involved in proliferation and differentiation of activated B-cells. That is, the same
substance but in different dilutions present paradoxical responses, which before being
published, were repeated several times.

Returning to the complexes, that is also too interesting, not all mixtures worked;
for example, when we added Viscum album or Turmeric (Curcuma longa), the com-
plexes seem to be inactivated. The homeopathic extracts used to produce M1 and M8
were specified by name and by doses in Table 1.

It is known that cell cultures are particularly appropriate as an initial screening
system in pharmaceutical research when possible modulatory effects of novel drugs
are estimated. This experimental model seems to be particularly useful in evaluating

Composition Matrix Final concentration (v/v%)
M1 M8
Aconitum napellus MT 20d 20d 01x107"
Arsenicum album 6d 18d 18d 01x107Y7
Asa foetida MT 20d 20d 01x107"
Calcarea carbonica 8d 16d 16d 01x107
Chelidonium majus MT 20d - 01x107"
Cinnamon MT 20d - 01x107"
Conium maculatum 5d 17d 17d 01x107
Echinacea purpurea MT 20d - 01x107"
Gelsemium sempervirens MT 20d - 01x107"
Ipecacuanha 5d 13d 13d 01x107"
Phosphorus 12d 20d 20d 01x107"
Rhus toxicodendron 6d 17d 17d 01x107%
Silicea 12d 20d 20d 01x107"
Sulfur 12d 24d 24d 01x107%
Thuja occidentalis 6d 19d 19d 01x107"
Table 1.

Summary of the main differences between cytokines production and the treatment with M1 and M8 complexes.
Tumor necrosis factor alpha (TNFa), when in excess, is more reduced by M8, interferon-gamma (IFNy) is more
reduced by M1, and interleukin 10 (IL-10) is enhanced by M1 and reduced by M8.
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the effects of homeopathic treatments, due to the great possibility of data for statisti-
cal analysis, without the disadvantages of clinical screening.

The immune system works perfectly by coordinating actions between cells and
proteins to provide defense against infection. These cells and proteins do not form a
single organ like the heart or liver. Instead, the immune system is dispersed through-
out the body to provide rapid responses to a possible invasion and infection. The
development of all immune system cells begins in the bone marrow with a hemato-
poietic (blood-forming) stem cell. Although all components of the immune system
interact with each other, it is typical to consider two broad categories of immune
responses: the innate immune system and the adaptive immune system.

Innate immune responses are carried out without prior additional “training” to do
their jobs. These cells include neutrophils, monocytes, natural killer (NK) cells, and
a set of proteins termed complement proteins. Innate responses to infection occur
rapidly and reliably. Adaptive immune responses comprise the second category. These
responses involve T-cells and B-cells, two cell types that require “training” or education
to learn not to attack our own cells. The advantages of adaptive responses are their
long-lived memory and the ability to adapt to new germs. Activation of macrophages
represents one of the first events in the innate response. The mechanisms of innate
and adaptive immunity are, however, interdependent. This intercommunication is also
performed through macrophages, which participate in the production, mobilization,
activation, and regulation of all effector cells of the immune system. They interact
reciprocally with other cells, which causes the change of their properties, for special-
ized immunological functions. Macrophages have an important role in the secretion of
various cytokines, in addition to act as antigen-presenting cells (APCs).

Cytokines are produced by many cell populations, but the main producers are
helper T (Th) cells and macrophages, which predominantly produce proinflammatory
cytokines when activated, involved in the upregulation of inflammatory reactions.
The anti-inflammatory cytokines are a series of immunoregulatory molecules that
control the proinflammatory cytokine response. These specific cytokines or antago-
nists would act to disrupt the hyperexcitability cycle, providing a new, nonopioid
therapeutic approach for the treatment of pathological pain due to inflammation or
injury. Several situations can lead to systemic inflammatory syndromes in the human
body. Their common feature is a massive release of cytokines due to excessive activa-
tion of immune cells. Cytokine storm is usually understood to mean an exacerbated
immune response characterized by the release of cytokines and other mediators.
These mediators are part of an evolutionarily well-conserved innate immune response
that is required for the efficient elimination of infectious agents and the repair
processes immediately. In an appropriate inflammatory response, there is a balance
between adequate cytokine production to clear invaders, on the one hand, and avoid-
ance of a hyperinflammatory response follows. A balanced, “protective” inflamma-
tory response consists of diverse mechanisms and involves activation of both pro- and
anti-inflammatory pathways within the innate and the acquired immune systems. You
can see a good review of storm cytokines in Jarczak and Nierhaus [2].

Our laboratory at the Federal University of Parand used to research the action of
pesticides (agriculture is one of the strong points in our state and in the country),
fungal and lichen extracts on tumor cells, macrophages, and the immune system in
general. At the end of the 1990s, the positive pulmonary response found in some
patients with the use of homeopathic products aroused our curiosity. As we already
had a cell culture laboratory, we consulted health homeopaths professionals, and
we established protocols. Despite homeopathy being a medical and pharmaceutical
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specialty in our country, it is still a therapy that raises much debate, often confused
with belief, as if it were a religion. It is common to hear expressions like “I believe” or
“I don’t believe” in homeopathy.

Once we started to obtain quick and interesting answers, previous results were
presented at conferences, and the questions asked by our peers led us to improve
methodology to reduce possible variables. And curiosity led us to test different
mixed products (homeopathic complexes) on cells and animals, but always produced
according to the homeopathic pharmacopeia, by a specialized pharmacist. Highly
diluted natural complexes comprise a combination of different compounds consid-
ered useful for a particular symptom or disease. The studies were double-blind, and
positive and negative control groups were rigorously evaluated. The results were
surprising with different products, but two of these complexes, due to their fast
action, were studied more and became known by us as M1 and M8, symbols encoded
in a double-blind study.

2. Methodology

In general, the evaluations were carried out in the following order: (1) first, in
vitro, where mice or humans cells were treated with different potencies of a drug and
evaluated morphologically; (2) still in vitro, the tests were repeated for metabolic and
biochemical evaluations in the potencies that presented the most interesting results;
(3) then, tumor cells from mice and humans were evaluated in the presence of treated
immune cells; (4) finally, the mice were treated iz vivo with the drugs in the potencies
that showed the best results; at the end of the treatment, their cells were collected to
be evaluated morphologically and biochemically; (5) finally, tumor cells were inocu-
lated into the mice, which were then treated, the tumors collected and evaluated.

The results presented here were obtained from theses, dissertations, and pub-
lished articles. Therefore, equipment and technologies used in conventional research
and fundamental software were used, such as Mirax Viewer Software, Image] (NIH)
Software, and Image]’s Image Deconvolution plugin. The evaluations were done by
light microscopy, confocal microscopy, transmission and scanning electron micros-
copy, flow cytometry, immunocytochemical, ultrastructural cytochemistry, invasion
assay with transwell plates, human colon-rectal cancer cells stably transfected with
the pNF-kB-hrGFP PlasmidStratagene was performed on HT-29 cells, histopathol-
ogy, immunohistochemistry, ultrastructural pathology, slide scanning system,
Microarrays and Gene Chips, microplate reader, enzyme-linked immunosorbent
assay (ELISA), and many other routine biochemical techniques.

3. Main results and discussion

All homeopathic products we test must be shaken vigorously (succussion) before
use. Whatever happens to the solution during shaking remains for a limited time.

Cell culture is a good technique to evaluate metabolic and morphologic changing
by treatment with different drugs. In our lab, it was well-established immune and
tumor cell culture. Macrophages are cells from the immune system whose response
usually appears quickly since they are part of our body's first line of defense. The
majority, around 80% of cells in the culture, changed morphology after internal and
external treatment to an activated cell appearance, as observed by light or electron
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microscopy. In Figure 1, it is possible to observe morphologic modifications that mac-
rophages presented after just 24 hours of treatment with our homeopathic products
using different methodologies.

Studies in our lab demonstrated that homeopathic products activated macrophages
both in vivo and in vitro. In addition, tumor necrosis factor-a (TNF o), when occurred
excessive production iz vitro, was significantly decreased [3]. It was observed by
ultrastructural cytochemistry that NAD (P)H oxidase activity was increased as well
as that of inducible nitric oxide synthase (iNOS), consequently producing reactive
oxygen species (ROS) and nitric oxide (NO), respectively. NO inhibited cytochrome
oxidase and peroxisomes activities. In response to stimuli, these cells underwent
an activation that allowed them, among other functions, to acquire a great capac-
ity to defeat microorganisms and some tumor cells. This can occur through oxygen
or nitrogen-dependent mechanisms, in which reactive oxygen (ROS) and nitrogen
(RNS) species are produced [4]. These diffuse and short-lived products have a role in

Figure 1.

Macrophages were observed by transmission (A and B), confocal (C), and scanning (D) electron microscopy. In
A: vesting macrophage, nucleus with condensed chromatin, and few cytoplasmic vesicles indicating only basal
metabolism. B: activated macrophage with many euchromatins, cytoplasmatic vesicles, and projections suggesting
high metabolism. In C: treated macrophage treated stained with Acridine Orange, showing acid vesicles in red and
DNA in green at confocal microscopy. In D: a culture of treated macrophages with activated aspect, most of them
sprayed.
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Ul%mstructuml images of macrophage engymes. Treated macrophages showed an increase of endosomal/lysosomal
system in transmission electron micvoscopy. The ultrastructural cytochemistry showed cells labeled with cerium
chloride for different enzymes. In A, the vesicles showed NAD (P)H oxidase activity; in B, they were labeled for
acid phosphatase; in C, the vesicles were labeled for Mg++ATPase; in D, cytochrome oxidase activity (the one that
decreased the activity). These cells were observed without contrasting with lead, avoiding possible contaminants.

antimicrobial defense, which are well-defined and signaled in the cell. For the protec-
tion of macrophages against these toxic products, ROS are stored in vesicles called
lysosomes, which can be placed in contact with vesicles that contain the ingested
material, the phagosomes, or endosomes. In Figure 2, it is possible to observe the
cellular vesicles labeled by cerium chloride for different membrane cytoplasmatic
enzymes. To make sure that the label is the result of cerium chloride precipitation
after the activity of the respective enzyme, these cells were not stained with lead or
uranyl. After treatment, the cells showed an increase of endosomal/lysosomal system,
amplifying the capacity to phagocyte noninfective microorganisms and cell debris
[5]. All these metabolic alterations were those we could measure. But we can ask,
how many other alterations occur? How many alterations do we not have technology
to measure yet and are occurring not only in macrophages but also in other cells? We
tested in macrophages because we know that these cells are extremely sensitive to
small modifications in their microenvironment, thus being able to successfully per-
form its various functions. In the scheme represented in Figure 3, we can summarize
its main functions in the control of other cells of the immune system, modifying the
inflammatory response, healing, cellular, humoral defense, etc.

Physical and chemical barriers, such as skin and mucosal surfaces, limit micro-
organisms to the body's outer surfaces, and when pathogens can break down, these
barriers are usually destroyed by the immune system. Thanks to this system, animals
can resist almost all types of microorganisms or toxins that tend to damage tissues and
organs and even often protect us from infections and modified cells such as cancer
cells. As part of the natural body response, inflammation is a complex process that
includes a variety of cells and molecules such as the immune cells and cytokines as
mediators. Its function is mainly focused on eliminating the injury cause, clearing
out damaged cells and tissues, and initiating tissue repair. Therefore, inflammation
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After 60 days of infection, the lesions of the control BALB/c mice, treated orally with the vehicle, developed
progressive centrally located crusts, exhibiting an ulcevative pattern. In the M1-treated group, the lesions caused
by the pavasites developed slower than the control, presenting reduced paw thickness. There was edema in the early
lesions, followed by almost complete remission of the lesion.

is considered as a mechanism of innate immunity. Old names for cytokines are
lymphokines, interleukins, and chemokines. An inflammatory cytokine or proinflam-
matory cytokine is a type of signaling molecule that is excreted from immune cells
(not only) that promote inflammation and play an important role in mediating the
innate immune response. Inflammatory cytokines are predominantly produced by
and involved in the upregulation of inflammatory reactions. The anti-inflammatory
cytokines are a series of immunoregulatory molecules that control the proinflam-
matory cytokine response. The main function of cytokine receptors is to convert an
extracellular signal, such as a specific binding of a cytokine to a target cell, into an
intracellular signal, such as the activation of an enzyme or a transcription factor that
can trigger a response of the target cell. Treatment alone did not change cytokines
production by cells, but when cells were stimulated with lipopolysaccharide (LPS)
and then treated, IFN-y and TNF-a production was decreased.

Tumor necrosis factor alpha (TNF-a) is an important inflammatory factor that
acts as a master switch in establishing an intricate link between inflammation and
cancer. TNF-a secretion can be induced by conserved structural elements common
to microbial pathogens as well as by tumor cells. Several studies have focused on the
transcriptional regulation of TNF-a, looking at transcription factors that bind to the
responsive element sites within the TNF-a promoter. NF-kB is a transcription fac-
tor that plays crucial roles in inflammation and immunity. Many proinflammatory
stimuli can activate NF-xB, mainly through IKK-dependent phosphorylation and
degradation of the IkB inhibitory proteins. When NF-kB translocates to the nucleus,
it activates the transcription of target genes, including cytokines like TNF-a, chemo-
kines, and antiapoptotic factors [6]. We have used a reporter cell line, HT29-pNF-«B-
hrGFP, to find out if M1, M2, and M8, in the presence or absence of TNF-a stimulus,
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Figure 4.

HT-29 cell line (human carcinoma colon-rectal cells) transfected with plasmid pNF-«kB-hrGFP showed a
reduction in NF-kb complex activation after 48 h of treatment with M1 (In collaboration with institute
Pasteur—Montevideo—Uruguay).

have any effect on NF-kB activity. The reporter cell line HT29-pNF-kB-hrGFP is
routinely used to screen natural or synthetic compounds that interfere and/or modu-
late NF-«B activity. HT29 cells were stimulated for 24 h with a proinflammatory
cocktail. GFP (green fluorescent protein) positive cells were sorted. We have observed
that only M1 has decreased NF-kB activity on TNF-a stimulated HT29-pNF-kB-
hrGFP cells. Thus, we tested in vitro different M1 concentrations (10, 20, ad 30%) and
they all presented the same effect on NF-kB activity [3]. We have observed that only
M1 has decreased NF-kB activity (Figure 4), but it was not downregulated by M2 and
M8. However, we have observed TNF-a reduction by these highly diluted tinctures.
Leishmaniasis is a disease that produces high morbidity but low mortality and
results in stigma-producing deformities. In the Americas, it is caused mainly by
Leishmania sp, and requires treatment. The parasite is of great medical and veteri-
nary public health significance, for it infects numerous mammal species, including
humans. The parasites enter mammalian hosts through the bite of sandflies and
replicate intracellularly. Cutaneous Leishmaniasis, the most common form of the dis-
ease, causes ulcers on exposed parts of the body, leading to disfigurement, permanent
scars, stigma, and in some cases, disability. Modulatory effects were well observed in
experimental infection, both iz vivo and in vitro, by L. amazonensis, controlling infec-
tion progression and limiting its dissemination [7]. The animals were infected with
parasites, and after 60 days, when the lesion was well-established, the animals were
treated orally for 30 days. The treatment did not allow parasitic evolution as in the
control animals. In Figure 5, it is possible to observe the difference in leishmaniosis
lesions between animals treated or not. Probably among the slight metabolic changes
that occur in the macrophages of treated mice is the increase in the production of
Interleukin-10 (IL-10), considered an anti-inflammatory cytokine, the increase of
ROS and NOS, and the increase in the number of natural killer cells (NK cells) by
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Figures.

Leishmaniosis amazonensis lesion: after 60 days of infection, the lesions of the control BALB/c mice, treated ovally
with the vehicle, developed progressive centrally located crusts, exhibiting an ulcerative pattern. In the Mi-treated
group, the lesions caused by the parasites weve developed slower than the control, presenting reduced paw
thickness. There was edema in the early lesions, followed by almost complete remission of the lesion.

treatment in vitro and in vivo with M1 are responsible for this impressive result. After
the well-established lesion, the mice were treated with M1 for 30 days and we com-
pare the evolution during the treatment. The evolution of lesions during this 30 days
on the footpad of mice paws infected with the parasite Leishmania amazonensis can
be seen in Figure 6. Note that M1 decreases the progression of the lesion throughout
the treatment and shows a statistical difference after 30 days (* p < 0.05). Each point
represents the average of five animals per group.

Beyond increasing ROS and NOS, the M1 complex also increased the number of
natural killer (NK) cells and their activity. Cells of the innate immune system recog-
nize pathogens and tissue injury. The processes are rapid, nonspecific, and include
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Figure 6.

Evolution of lesions on the footpad of mice paws infected with the parasite Leishmania amazonensis: the mice
were treated with M1 for 30 days and compared here with the control group that was treated with water (H,0).
Note that M1 decreases the progression of the lesion throughout the treatment and shows a statistical difference
after 30 days (* p < 0.05). Each point represents the average of five animals per group.
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responses such as phagocytosis, cell locomotion, killing of pathogens or cells, and
cytokine production. These innate immune mechanisms are usually very effective in
the elimination of invading pathogens because NK cells can recognize the target cell
without the need to be activated by prior immunization or stimulation by contact
with antigen-presenting cells as occurs in T-cells to become efficient in their response.
Since their identification in 1975, NK cells have been classified as lymphocytes based
on their morphology, expression of lymphocyte markers, and their common origin
from lymphoid progenitor cells in the bone marrow. NK cells, however, are gener-
ally considered components of the innate immune defense because they do not need
antigen-specific receptors on their surface to carry out their activities. Their deriva-
tion from either lymphoid or myeloid lineages was debated early in their discovery.
Research showed that NK cells can be derived from common lymphoid progenitors,
and some studies have shown that progenitors expressing myeloid antigens can also
develop into NK cells. However, alternative views have been proposed, including the
existence of a common myeloid-lymphoid progenitor and this process depending

on which cytokines they are exposed. The notion that myeloid precursors previ-
ously known to give rise to monocyte/macrophage and Dendritic Cells (DCs) are
also capable of NK-cell differentiation puts the recent findings in a new therapeutic
perspective. Therefore, NK cells are innate immune effector cells [8, 9].

Our group also performed assays to evaluate iz vitro effects of M1 in a coculture model
between human mononuclear cells obtained from leukoreduction chambers (LRS cham-
bers) after plateletpheresis procedure and melanoma cells. When mononuclear cells were
analyzed by flow cytometry, an increase in CD3—/CD56+ natural killer cell population
was observed in the treated group. Finally, after treatment, when isolated from mono-
nuclear cultures, and co-cultured with human metastatic melanoma cell lineage, those
natural killer cells from M1 treated group revealed a significantly increased cytotoxicity
against melanoma cells (Figure 7) [3]. This occurred only with M1 treatment.

The immune system, a set of defense and healing mechanisms of our body, is
highly competent and controlled, performing its functions without compromising
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Figure7.

Detection of CD3 and CD56 markers (natural killer cells) by flow cytometry in a population of mononuclear cells
after coculture with 1205Lu tumor cells. After co-cultivation, mononuclear cells previously treated (48 h) with the
M1 complex showed a statistically significant increase in the percentage of CD3—/CD56+ (NK) cells.
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the rest of the body. However, many autoimmune diseases, immunodepression
syndromes, and cancer may be the result of disorders in the immune system, where
the action of this decisively determines the patient’s prognosis, and an inadequate

or insufficient immune response can mean the loss of the body’s fight against the
disease. In these cases, why not rehabilitate it and stimulate it to perform its func-
tion, guiding it to eliminate the disease? Unlike the drugs used by allopathic medicine,
which act directly on the physiological processes related to disease symptoms,
homeopathic medicines promote the individual improvement of a general health
state, stimulating the immune system to trigger appropriate responses for each
situation. Thus, homeopathic treatment allows the individual to restore health and
prevent disease without, however, producing the side effects experienced by many
of the conventional treatments. The incredible adaptability and intelligence of the
immune system, which keeps us healthy, despite considerable adversities, is crucial.
It is important to note that the existence of this force that works to keep us as healthy
as possible was perceived and accepted before we know the cells and molecules that
make up the immune system.

Cytokines are soluble, low molecular-weight proteins that mediate cell-to-cell
communication. They can modulate the host immune response toward cancer cells
and induce apoptosis. Cytokine-based immunotherapy has been a promising area of
research and is currently an area of much interest, mainly due to the large amount of
side effects. That is why there is a lot of discussion about the burden and bonus balance
of its use. You can see a good revision in [10]. Cancer cells, despite their phenotypic
characteristics acquired by genetic and epigenetic alterations, do not act alone in
the development of the disease. Cancer-associated fibroblasts are involved in all the
processes leading to physiological changes that allow cancer cells to become malignant,
such as the production of extracellular matrix molecules and its remodeling, provid-
ing survival signals, and promoting cancer cell invasion and proliferation. Gongalves
and Potrich [11] used molecular biology techniques and standard functional assays
to assess the changes related to the metastatic phenotype. The findings of this study
indicate that these products reprogram, molecularly and functionally, melanoma cells
in vitro, modulating their metastatic phenotype [11]. Guimaraes et al. [12] described
the results of an experimental laboratory validation of the potential of peritoneal
macrophages, challenged with a complex homeopathic medication (CHM/MS), to
stimulate the immune effectiveness of mesenteric lymph node lymphocytes. This new
form of immunomodulatory therapy is based on Hahnemann’s ancient homeopathic
techniques, which use diluted substances that are vigorously shaken (succussed)
during preparation. The results of this kind of treated coculture were fast and treated
macrophages and lymphocytes exhibited a greater degree of interaction than did
control cells. Evidence of tumor cells in apoptosis induced by stimulated lymphocytes,
apparently prevented tumor cells could use their multiple mechanisms to escape of the
immune system. Such findings are likely to be responsible for the attenuation of tumor
growth and lung colonization previously observed in vivo [12-14].

If we collected the supernatant of treated macrophage culture and added it to
lymphocytes culture, these lymphocytes could destroy melanoma cells [12]. It is
important to note that those lymphocytes could not do this before the treatment.
When melanoma cells were injected into mice veins to cause lung melanoma nodules,
and the animals inhaled M8 for only 2 weeks, the number of nodules was reduced
[13]. When the tumor cells were inoculated in the dorsal subcutaneous region, a
solid tumor mass was developed, but after 2 weeks of inhalation, the tumor mass
was smaller than the control one, showing that inhalation for only two weeks did not
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Figure 8.
Images of mice and human melanoma cells, and mice tumor nodules and tumor mass after treatment with the

homeopathic complexes. At left-A, C, E, and G control groups; images at right-treated groups. A and B: the big
cell melanoma cells in culture; the small one, lymphocytes. C and D: human melanoma cells in culture, and in D
dying cells after adding treated lymphocytes; E and F lungs with melanoma nodules; G and H tumor mass. A-D,
cells observed at scanning electron microscopy; E-H at light microscopy.
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allow tumor mass to grow in the same velocity (Figure 8) [14]. If you think that the
animals did not have defense against the millions of tumor cells inoculated, it was an
amazing and fast defense answer. More about answers of immune system cells and
inflammation after treatment with homeopathy in [15].

4, Conclusion

The activation of macrophages represents one of the first events in the innate
response. The mechanisms of innate and adaptive immunity are, however, interde-
pendent. This intercommunication is also carried out through macrophages, which
participate in the production, mobilization, activation, and regulation of all effector
cells in the immune system. They interact reciprocally with other cells, which causes
their properties to change, for specialized immune functions. Macrophages play an
important role in the secretion of various cytokines in addition to acting as antigen-
presenting cells. The results of our research have shown that homeopathic medicines
stimulate the immune system to trigger appropriate responses for each situation and
do not produce side effects. The development of therapies capable of modulating the
inflammatory process, without suppressing the desirable effect of its physiological
aspects, could be an interesting alternative to obtain a better efficacy of the tissue
response against external aggressors. We are sure that much more studies will be
needed to verify the effects of homeopathy on diseased organisms. But we are also
sure that highly diluted drugs that act on isolated cells in a cell culture are not having a
placebo effect, since careful controls were performed during all experiments.

The harmonic results obtained in research during these years allowed us to con-
clude that, in general, highly diluted products trigger quick and effective responses
by living organisms, whether cells or animals, or people. M1 and M8 are homeopathic
complex medicines with immunomodulatory properties, without toxicity or muta-
genic effects. This homeopathic immunotherapy can restore the immune system to
recognize tumors or infected cells; thus, it can be used to help some diseases without
acting on a specific molecular target and without toxicity, since self-healing is
stimulated through immune system. Here in Table 2 we show the composition of M1
and M8 complexes. Therefore, the M1 and M8 complexes can be good candidates for
complementary therapy to conventional treatments. Complementary does not mean
one or the other, but that if you complement the conventional treatment with these
products, you surely increase the chances of rehabilitation.

Homeopathy is a medical and pharmaceutical specialty and must be submitted
to standard evaluation. Therefore, taking together all the results published, by using

Cytokines M1 M8

TNF-o l l l

IFN-y I l l

IL-10 l l
Table 2.

Final composition of M1 and M8 (MT = Mother Tincture).
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standard assays and methodologically reproducible tests verified by statistical analy-
ses, we could demonstrate by scientific evidence that those homeopathic complexes
presented effects on cellular and molecular levels. It is important to note that home-
opathy is just another kind of treatment. These results show the importance of basic
research in obtaining new knowledge about homeopathic medicine, using techniques
and methods accepted by conventional medicine.
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Chapter 5

Acupuncture Management in the
Field of Assisted Reproductive
Technology

Jie Yang, Liying Liu, Xiaoyan Zheng, Jingwen Zhang
and Yuanyuan Lai

Abstract

Acupuncture is an ancient traditional Chinese medical practice that involves the
insertion of fine needles into specific acupuncture points to rebalance energy and
improve blood circulation within the body. Assisted reproductive technology (ART)
is a method used to help couples who are unable to conceive naturally fulfill their
desire for parenthood. Within ART, acupuncture management is utilized as adjunctive
therapy to optimize the reproductive environment and increase the chances of a suc-
cessful pregnancy. Acupuncture, as an adjunctive treatment modality in ART, offers
unique advantages in regulating endocrine function, enhancing blood circulation,
and reducing stress. Drawing upon a decade of experience in acupuncture-assisted
reproduction and previous research, this chapter provides an overview of the clini-
cal applications of acupuncture in different stages of ART and explores its potential
mechanisms of action in the treatment of male infertility and female infertility. It
highlights the promising prospects of acupuncture-like adjunctive therapies in the
field of ART.

Keywords: acupuncture, assisted reproductive technology, in vitro fertilization,
adjunctive treatment, complementary medicine

1. Introduction

Infertility refers to couples who have cohabited for at least a year and have a
normal sexual life without using contraceptives but are still unable to conceive [1].
Statistically, between 8 and 12 percent of reproductive couples worldwide are infertile
[2]. Since the first successful use of conventional in vitro fertilization (IVF) in 1978,
assisted reproductive technology (ART) has rapidly evolved and become an impor-
tant means of resolving infertility, which plays a crucial role in achieving fertility
[3, 4]. ART, which includes artificial insemination (AI) and in vitro fertilization-
embryo transfer (IVF-ET) and its derivatives, is a modern method for creating new
life. IVF-ET involves egg donation, sperm donation, gestational carriers, ovarian
stimulation, egg retrieval, embryo culture, and transfer [5, 6]. ART, the last resort
if medications and surgery fail, had birthed over 8 million babies by 2020. Since
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reproductive medicine developed, the clinical pregnancy rate (CPR) has been 29-35%
[7], whereas the live birth rate (LBR) is barely 30% [8].

As a treasure of Chinese medicine, acupuncture was accumulated through long-
term medical practice by ancient people. It has the characteristics of safety, effec-
tiveness, wide applicability, simplicity, and economy. Acupuncture has made great
contributions to the prosperity and development of the Chinese nation for thousands
of years and gradually plays a unique role in the world’s healthcare industry. The treat-
ment principle of acupuncture is mainly to stimulate the acupoints of the human body
through various acupuncture instruments and special treatment techniques to adjust
the balance of yin and yang, promote the circulation of qi and blood, and accelerate
the circulation of the meridians. Compared with other treatment methods, acupunc-
ture has obvious advantages in the comprehensive treatment of local and systemic
conditions. It can be said that the essence of acupuncture action is to initiate, promote,
and adjust, rather than supplement and intervene with exogenous substances.

Acupuncture has a long history as a safe and effective physical therapy with few
side effects in the treatment of infertility. In 1999, Stener-Victorin and their colleagues
[9] were the first to find that electroacupuncture (EA) benefits embryo implantation,
and women’s pregnancy in the process of ART and can relieve the pain of patients
during oocyte retrieval. Since then, studying how and why acupuncture makes ART
work better has become an important area of research in this field. Several studies
have investigated the mechanisms of acupuncture in male or female infertility. For
instance, acupuncture affects the female reproductive endocrine immune system
by activating the hypothalamic—pituitary-ovarian (HPO) axis [10]. EA can improve
sperm function by increasing the functional expression of CatSper corporate chan-
nels in sperm [11].

With our wealth of expertise gained from ten years of experience in acupuncture-
assisted reproduction and extensive prior research, this chapter offers a comprehen-
sive examination of acupuncture’s clinical applications throughout various stages of
ART. It delves into the potential mechanisms underlying acupuncture’s efficacy in
addressing both male and female infertility while emphasizing the optimistic outlook
for acupuncture-related complementary therapies in the realm of ART.

2. Clinical research for acupuncture management in the ART process

As the demand for safe and holistic approaches to improve fertility outcomes
continues to grow, clinical research investigating the efficacy of acupuncture in the
management of ART procedures has become paramount. By examining the available
evidence, we aim to provide a comprehensive overview of the current understanding
of acupuncture’s potential benefits and its impact on key aspects of the ART journey,
including controlled ovarian hyperstimulation (COH), oocyte quality, embryo trans-
fer, pregnancy rates, etc. The overall outlooks of clinical research for acupuncture
management in ART were shown in Figure 1.

2.1 Acupuncture management during the COH
COH is a medical procedure employed in ART to induce the development of mul-

tiple follicles in the ovaries, thereby increasing the likelihood of successful pregnancy
for women undergoing IVF or other ART procedures. Significant advancements in

64



Acupuncture Management in the Field of Assisted Reproductive Technology
DOI: http://dx.doi.org/10.5772/intechopen.1001948

Assisted Reproductive Technology
(ART)

l |

Artificial Insemination In Vitro Fertilization
(IVF)

) '

FET GIFT/ZIFT

+ Regulate hormone levels

« Improve blood flow

= Reduce OHSS and other
side effects

Qocyte retrieval or
implantation

Figure 1.
The overall outlooks of clinical vesearch for acupuncture management in ART.

COH programs have been achieved, primarily driven by the research and develop-
ment of innovative therapeutic agents. However, it has become evident that overly
aggressive ovarian management can have detrimental effects on a woman’s reproduc-
tive system. COH can lead to the occurrence of side effects, such as ovarian hyper-
stimulation syndrome (OHSS). To address these concerns, acupuncture has emerged
as a valuable approach for managing the symptoms associated with COH and OHSS.
By stimulating the body’s innate healing mechanisms and promoting relaxation,
acupuncture offers a complementary therapy to alleviate the adverse effects.

2.1.1 Regulate hormone levels

Acupuncture has been shown to stimulate the production of endorphins, which
can help regulate hormone levels and improve reproductive function. As early as 2009,
a study found that the regulation of cortisol and prolactin in the acupuncture group
appeared to be beneficial during the medication phase of IVF treatment, with a trend
toward a more normal fertility cycle dynamic [12]. Poor ovarian response (POR) to
ovarian stimulation usually indicates a reduction in follicular response, resulting in a
reduced number of retrieved oocytes [13]. Based on our newly published systematic
review, we found that acupuncture treatment during COH is questionable in improv-
ing pregnancy outcomes in POR patients. However, acupuncture can increase sex
hormone levels and improve ovarian function in women with POR [14, 15].
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2.1.2 Improve blood flow

Acupuncture can improve blood flow to the uterus and ovaries, which can
improve the chances of success in ART procedures. Transvaginal Doppler ultra-
sonography advances the pathophysiological understanding of female pelvic
hemodynamics [16]. The latest Doppler indices differed significantly between
women with and without ovarian dysfunction and correlated significantly with
markers of ovarian dysfunction, and these results support the use of Doppler
ultrasound to detect ovarian dysfunction [17]. Patients undergoing IVF have a
Doppler ultrasound of the uterine arteries before the day of egg retrieval, a test
that is thought to be associated with success after embryo transfer [18]. Positive
effects of acupuncture for infertility may be related to endorphin system inhibi-
tion of central sympathetic nerves, altered uterine blood flow and motility, and
stress reduction [19].

Our previous study found a trend toward relatively high doses of acupuncture to
have better results in women with poor endometrial receptivity and to significantly
improve the uterine blood flow (UBF) index in this type of patient [20]. The latest
study also confirms our view and recommends acupuncture as an intervention to
improve UBF [21, 22]. In addition, our systematic review of studies related to the
improvement of ovarian blood flow by acupuncture included 20 studies with 1611
participants of luteinized unruptured follicle syndrome, polycystic ovary syndrome
(PCOS), poor ovarian insufficient (POI), premature ovarian failure (POF), and
diminished ovarian reserve (DOR) patients, found acupuncture could significantly
improve the ovary blood flow (OBF) parameters, including vascular resistance index
and peak systolic velocity (PSV).

2.1.3 Reduce OHSS and other side effects

Acupuncture possesses noteworthy anti-inflammatory properties, rendering it
beneficial in mitigating the occurrence of OHSS and countering other potential side
effects associated with COH. By incorporating acupuncture into the treatment regi-
men, women with PCOS who undergo IVF or intracytoplasmic sperm injection (ICSI)
can witness improvements in their CPR as well as ongoing pregnancy rate (OPR).
Furthermore, acupuncture plays a crucial role in diminishing the risk of OHSS in this
specific patient population, thereby contributing to a more favorable outcome in their
assisted reproductive journey [23].

2.2 Acupuncture management around the time of oocyte retrieval or implantation

Acupuncture has demonstrated its effectiveness in alleviating mood disorders that
may arise during the process of egg retrieval or transplantation, providing much-
needed emotional support for patients. By incorporating acupuncture into pre- and
post-procedural care, individuals undergoing these interventions can experience
improvements in their overall mood and emotional well-being. Moreover, acupunc-
ture also proves beneficial in mitigating the pain associated with the procedure,
offering a non-invasive and natural approach to pain management. The strategic
application of acupuncture techniques can help alleviate discomfort, reduce anxiety,
and promote relaxation, thereby enhancing the overall experience for patients under-
going oocyte retrieval or transplantation.
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2.2.1 Reduce emotion disovders

Multiple studies have substantiated the presence of elevated levels of state anxiety
and depression in patients undergoing IVF, particularly during critical stages such as
oocyte retrieval or embryo transfer [24]. It has been observed that this anxiety and
depression tend to persist across multiple cycles of treatment. Encouragingly, a system-
atic evaluation conducted by Hullender Rubin, Smith et al. [25] indicates a noteworthy
yet modest impact of acupuncture on reducing state anxiety specifically during oocyte
retrieval or implantation, when compared to various control groups. Nevertheless,
further high-quality evidence is essential to validate and strengthen these findings.

2.2.2 Relive pain and side effects around oocyte retrieval

We published a systematic review suggesting that acupuncture-combined anal-
gesic therapy is more effective than utilizing conscious sedation and analgesia or
non-steroidal anti-inflammatory drugs alone. In addition, there is no clear consensus
on whether acupuncture applied alone during oocyte retrieval has analgesic effects,
which requires further research [26]. Among these, EA is widely used for analgesia
during oocyte retrieval with a mixed frequency and a fixed frequency for short-
duration EA with similar analgesic effects [27, 28].

2.3 Acupuncture management for the pregnancy outcomes

Acupuncture has been used in various assisted reproductive technologies, includ-
ing IVF-ET, frozen embryo transfer (FET), and ICSI, and studies have shown that
acupuncture can improve biochemical and clinical pregnancies; however, no studies
have yet shown that acupuncture can significantly improve LBR in patients undergo-
ing assisted reproductive technologies. A randomized controlled study published in
JAMA in 2018 showed that acupuncture was effective in improving LBRs before and
after oocyte extraction or on and before and after ET, there were no overall benefits
of acupuncture in improving LBRs when performed [29]. However, in two other
systematic evaluations, acupuncture was found to improve clinical pregnancy during
IVF [30, 31]. Another study confirmed that acupuncture before or during FET helped
improve patients’ biochemical pregnancy, and clinical pregnancy outcomes and the
risk of serious adverse events is very low [32]. However, no significant improvement
of acupuncture for live birth during FET was reported.

3. Mechanism of acupuncture treatment of female infertility

The etiology of female infertility is complex, including ovulation dysfunction,
tubal pelvic factors, immune factors, and unexplained infertility. Recently, researches
on the mechanism of infertility are mainly divided into the general influence of HPO
axis, the influence of the ovary (ovarian micro-environment, oocyte quality, ovarian
blood vessel, etc.), fallopian tube (inflammation, fallopian tube adhesion), or uterine
cavity (anatomic anomaly, endometrium adhesion, imbalance of maternal-fetal inter-
face, etc.). Acupuncture is an alternative auxiliary therapy for infertility, especially
for COH during ovulation. Its mechanism of improving pregnancy outcomes has also
attracted the attention of scientific researchers.
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3.1 Influence of the HPO axis

The HPO axis plays an important role in female estrous cycle and reproduction,
and its normal positive and negative feedback is the basis for ensuring normal repro-
ductive function and promoting egg maturation, and triggering ovulation.

The secretion and release of gonadotropin-releasing hormone (GnRH) released by
the hypothalamus to the pituitary portal system can be induced and controlled by the
stimulation of other mediators in different brain regions [33, 34]. Various mediators
such as central neurotransmitters and neuropeptides are integrated into the hypo-
thalamus to regulate the reproductive system. The neurotransmitters norepinephrine
and prostaglandin E, regulate the activity of hypothalamic neurons and are potential
stimulators affecting the release of GnRH in the hypothalamus [35]. Zhu et al. found
that electroacupuncture (EA) stimulated bilateral Sanyinjiao and bilateral Zusanli,
three times a week, five sessions in total. It was found that GnRH, follicle-stimulating
hormone (FSH), luteinizing hormone (LH), as well as 17 p-estradiol, progesterone
(P), and norepinephrine were changed in the EA group compared with the blank or
placebo group. Studies have shown that EA can regulate the homeostasis of the HPO
axis in physiological rats [36].

The most common abnormalities of the HPO axis are ovulation disorders. Such
as PCOS, POI, POF, etc. Stener-Victorin reported that repeated EA stimulation
significantly promoted beta-endorphin release from the hypothalamus in polycystic
ovary (PCO) rats and decreased nerve growth factor (NGF), corticotropin-releas-
ing factor, and endothelin-1 in the PCO rats [37, 38]. Further studies showed that
low-frequency EA with PCOS for a total of 25 sessions improved impaired endor-
phin dysfunction and regulated the immune system in steroid-induced PCO rats
[39]. In another study, EA improved disturbed estrus cycles in adolescent PCO rats,
upregulated lutein level and ovarian volume [40], and EA elevated LH, and restored
reduced estradiol and GnRH.

3.2 Influence of the ovary

Ovarian tissue facilitates the maturation of ovum. Ovarian dysfunction will lead
to poor development of ovum, resulting in embryo fertilization failure, which may
eventually lead to poor pregnancy outcomes. Current studies have shown that ovarian
dysfunction was caused by ovarian inflammation, excessive oxidative stress of ovar-
ian interstitial cells, abnormal intestinal flora, epigenetic changes, abnormal ovarian
immunity, etc. The effects of acupuncture on ovarian function through physical
stimulation have been reported as follows:

During follicular development, granulosa cells are responsible for providing
nutrients required maturation of the ovum. Follicular atresia and apoptosis are closely
related to granulosa cell apoptosis. Acupuncture can increase the expression of B-cell
lymphoma-2 (BCL-2) and reduce the expression of BCL-2 protein to reduce the apop-
tosis of granulosa cells, hence serving as an escort for follicular development. EA has
been shown to effectively improve oocyte quality and embryo development potential
in PCOS infertility patients [41]. EA has been shown to improve follicular dysplasia
in PCOS patients by inhibiting overexpression of anti-Mullerian hormone (AMH)
and increasing the expression of P450arom [42]. Acupuncture can improve ovulation
disorder by down-regulating Inccmeg3 expression, inhibiting phosphatidylinositol
3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway and reduc-
ing granulocyte autophagy [43].

68



Acupuncture Management in the Field of Assisted Reproductive Technology
DOI: http://dx.doi.org/10.5772/intechopen.1001948

Fat and environmental factors are strongly associated with the development of
POF, and diets high in fat and sugar (HFHS) can impair ovarian function and ovum
quality [44]. Recent studies have shown that acupuncture can improve ovarian dam-
age induced by HFHS. Promote follicular maturation by inhibiting ovarian fibrosis
and follicular atresia [45]. Moreover, the study found that it was mainly related to
inhibiting ovarian oxidative stress and Fe2+ accumulation in modeled rats, and
further exploration found that it may be related to affecting intestinal flora changes.

3.3 Influence of the endometrium

Endometrium is the soil for successful embryo implantation. At present, ART
technology has obtained relatively good-quality embryos, nevertheless, the implanta-
tion rate remains low. Among them, the poor implantation environment of embryos
caused by abnormal endometrium is the focus of attention. Among them, an
abnormal intimal environment, including abnormal intimal blood flow, leads to low
receptivity and decreased ability to accept embryos, leading to recurrent implantation
failure (RIF). Or the imbalanced intimal immunity may lead to the disturbance of the
maternal-fetal immune interface and affect the embryo implantation window (WOI).
The research showed that acupuncture treatment significantly repaired endometrium
dysfunction, especially caused by COH.

3.3.1 Balance between the window of implantation and embryo after ovarian
hyperstimulation

Studies have demonstrated that COH-induced hyper-physiological levels of
estrogen and progesterone, high progesterone ratio, unbalance of glycosyl coupling,
or imbalance of human chorionic gonadotropin (HCG) administrated rats. COH pro-
cedure may lead to endometrial dysplasia, endometrial and embryonic dysplasia, and
affect angiogenesis, leading to implantation failure [46]. Many cytokines are involved
in the regulation of angiogenesis in the endometrium, including vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF), and the angiopoietin family
[47, 48]. Dong et al. Established a rat model of COH by injecting serum gonadotropin
(PMSG) and HCG into pregnant mares. The rats were treated with EA from the day of
PMSG injection to the third day of gestation. The results showed that the endometrial
VEGF content and endometrial dendritic cells (DCs) were affected while the patient
was in the peri-implantation phase. It was found that acupuncture combined with
progesterone could improve endometrial VEGF and regulate DCs to promote implan-
tation [49]. The team further found that EA promoted the implantation of COH rat
embryos by activating the VEGFR2/PI3K/AKT and VEGFR2/ERK signaling pathways,
which are positively correlated with endometrial angiogenesis [50]. A recent study
conducted by the team, a scanning electron microscope on the rat endometrium
after COH. The pinopodes of the endometrium tissues were observed after ovarian
retrieval, after four days, five days, and six days by a microscope, respectively, and
found that the pinopodes were distributed in advance after COH. atrophy and subside
in advance, and the acupuncture treatment group can significantly pull back the
forward movement of pinopodes. Thus, EA can synchronize embryo implantation
and endometrial acceptance, and restore timely WOL. [21].

You et al. also found that acupuncture could improve endometrial acceptance after
COH, and low-frequency acupuncture (2 Hz, 1 mA, 20 min) and high-frequency
acupuncture (50 Hz, 1 mA, 20 min) were administrated in Guanyuan and Zusanli,
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respectively. High-frequency EA significantly decreased the protein expression levels
of E-cadherin, p-catenin, and CLDN1 adhesion molecules after the COH procedure,
and significantly enhanced the LIF/ STAT3 signaling pathway [51], LIF promoted cell
transplantation, differentiation, and regulated endometrial receptivity. Moreover,
LIF regulates phosphorylation of STAT3 and affects embryo implantation in the
endometrium [52]. The team further found that EA promoted the expression of LIF/
STATS3 signals by inhibiting miR-223-3p, thereby enhancing the expression of endo-
metrial adhesion proteins (E-cadherin, p-catenin, and CLDN1 adhesion molecules) to
successful embryo implantation [53].

In conclusion, COH increases the content of serum estrogen and progesterone,
regulates the hormone receptors on the endometrium, and thus affects WOI, result-
ing in the failure of embryo implantation. However, acupuncture/EA during COH
can synchronize WOI with embryonic development and improve the rate of embryo
implantation while improving the quantity and quality of embryos. And high-
frequency EA has more advantages than low-frequency EA.

3.3.2 Improvement of the endometrium morphology

Normal endometrial morphology is the key factor of embryo implantation, includ-
ing endometrial thickness, endometrial typing, sub-endometrial blood flow, etc.
Excessive curettage, endocrine disruption, and endometrial tuberculosis would lead
to thinning of the endometrial and limited growth. Thin endometrium may also be
caused by dysplasia of the basal vessels of the endometrium. Thin endometrium has
an impact on female fertility, resulting in low implantation rates and high miscarriage
rates [54]. It has been shown that EA combined with bone marrow mesenchymal stem
cells (BMSC) can improve the thickness of thin endometrial rats molded with 95%
ethanol, and EA promotes migration of transplanted BMSCs to the damaged uterus
by activating the stromal cell-derived faction-1/C-X-C chemokine receptor 4 (SDF-1/
CXCR4) axis. It was also found that the secretion of VEGF and basic fibroblast growth
factor (bFGF) in endometrial lesions increased, and the implantation rate of embryos
increased. Therefore, it is suggested that EA plays an important role in supporting
BMSC:s to repair thin endometrium, possibly by promoting the migration of BMSCs
and enhancing the paracrine effect of bone marrow mesenchymal stem cells [55].

3.3.3 Equilibrium of the maternal-fetal immune interface

Immune cells located at the interface between the placenta and uterus are thought
to play an important role in successful pregnancy. Recent studies have shown that
the composition and function of these cells are locally controlled by the uterine
mesenchymal cell peri-implantation. Key immune cell types include: natural killer
(NK) cells, macrophages, dendritic cells and T cells, and the balance of these cells
determines the success of embryo implantation to varying degrees [56].

Huang et al. found that acupuncture could regulate the endometrial immune
microenvironment of pregnant rats. Acupuncture in the Zusanli and Sanyinjiao rats
detected that it could improve the poor reception status of the endometrium by
promoting the secretion of LIF and interleukin-12 (IL-12) in the endometrium [57].
Further research found that significantly reduced implanted embryos after mifepris-
tone modeling, while acupuncture and progesterone treatment could significantly
improve the implantation. Mifepristone significantly decreased the expression of
CCL2 and CXCL8 protein and mRNA, and acupuncture or progesterone significantly
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reversed the expression of CCL2 and CXCL8 protein and mRNA. Acupuncture with
progesterone significantly increased uterine natural killer (uNK) cell subsets in rats
with failed implantation [58]. Further studies showed that acupuncture promoted
implantation and placenta formation in embryonic rats by improving the expression
of CXCR1 and CXCR?2 at the maternal-fetal boundary [59].

4. Mechanism of acupuncture treatment of male infertility

Male infertility is one of the most common diseases in andrology, which accounts
for about half of the incidence of infertility in couples. Some male diseases such as
oligospermia, asthenospermia, azoospermia, and others may be some of the common
factors leading to male infertility. IVF-ET, ICSI, and intrauterine insemination (IUI)
are important methods for male infertility in ART. However, the success rate of ART
remained unsatisfactory due to various factors, and the evaluation of the male was
often neglected. By optimizing male fertility, couples are able to choose less invasive
ART techniques and/or enhance ART outcomes. In recent years, acupuncture, as the
non-pharmacological therapy of traditional Chinese medicine with the advantages
of significant efficacy and few adverse effects, has been increasingly accepted in the
treatment of male infertility. The efficacy and possible mechanisms of acupuncture
for male infertility are described below to provide a basis for the treatment of male
infertility with acupuncture.

4.1 Acupuncture improves sperm parameters

The male sperm factor is an important aspect of pregnancy failure. Impaired
sperm parameters such as semen volume, sperm concentration, sperm motility,
and total sperm count are closely associated with conception and embryo quality
[60, 61]. A retrospective, real-world study demonstrated that progressive sperm
motility was the main ART outcomes predictor for the frozen cycle, which need
to be improved for ART success [62]. Recently, a Bayesian network meta-analysis
found that EA can effectively improve sperm motility [63]. In addition, sperma-
tozoa morphology is also an important indicator of male sperm quality. A decline
in normal spermatozoa morphology may reduce pregnancy rates and affect the
outcome of ART [64]. Gurfinkel et al. found that the ratio of normal-form sperm in
patients with semen abnormalities was significantly increased after acupuncture and
moxibustion treatments [65].

Acupuncture could increase the blood flow of the testis and provide a suitable
internal environment for spermatogenesis. A prospective, randomized study [66]
found that 10 Hz EA stimulation resulted in a significant increase in testicular artery
parameters in volume flow, end-diastolic velocity, PSV, diameter, and area. The
mechanism may be related to the testicular sympathetic reflex response controlled by
the supraspinal pathway. Siterman et al. [67] found an increase in sperm concentra-
tion and a reduction in local testicular temperature to normal levels after acupuncture
treatment in oligozoospermia caused by inflammation of the reproductive tract.
Immune factors are another important cause of male infertility, which may be caused
by antisperm antibodies (AsAb), that is immune infertility [68]. A clinical report
pointed out that the positive rate of AsAb decreased significantly after the treatment
of acupuncture combined with herbal drugs, and the curative effect was better than
that of oral prednisone [69].
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4.2 Regulation mechanism of sperm quality by acupuncture

Sperm quality is an important aspect of pregnancy failure. The sperm param-
eters, such as semen volume, sperm concentration, sperm motility, and total sperm
count, are closely associated with conception and embryo quality, and impaired
sperm parameters may reduce pregnancy rates and affect the outcome of ART. With
the increasing acceptance of acupuncture in ART procedures, several studies have
demonstrated the effect of acupuncture in improving sperm quality, and research
on the related mechanisms has been gradually conducted. In recent years, oxida-
tive stress which affects semen parameters has gradually attracted attention in the
pathogenesis of male infertility [70]. And the sperm CatSper channel was essential
for male fertility [71] and the endocrine system plays an important role in the regula-
tion of male sperm parameters [72]. Accumulated evidence showed the potential of
acupuncture in the improvement of sperm quality by regulating oxidative stress [71],
sperm CatSper channels, and the hypothalamic-pituitary-gonadal axis which may be
the related mechanism of acupuncture for male infertility.

4.2.1 Acupuncture vegulates sperm anti-oxidative stvess pathway

Particularly, EA combines the benefits of electrical stimulation and traditional
acupuncture therapy, which could regulate the oxidative stress pathway and reduce
oxidative stress injury. In order to observe the effect of EA on the antioxidant func-
tion of Leydig cells in aged rats with low T levels, the study found that the levels of
serum total testosterone (TT) and free testosterone (FT) and the expressions of
phosphorylated extracellular signal-regulated protein kinase (p-ERK), ERK, nuclear
factor erythroid 2-related factor 2 (Nrf2) and heme oxy-genase-1 (HO-1) proteins in
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Figure 2.

EA regulates the anti-oxidative stress pathway of ERK/Nrf2/HO-1 [73]. Abbreviation: TT, total testosterone;
FT, free testosterone; p-ERK, phosphorylated extracellular signal-regulated protein kinase; Nrf2, nuclear factor
erythroid 2-related factor 2; HO-1, heme oxy-genase-1; EA, electroacupuncture.
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the testis were significantly increased after EA treatment, which may be related to the
regulation of the anti-oxidative stress pathway of ERK/Nrf2/HO-1 and the reduction
of oxidative stress injury by EA to improve the reproductive function Figure 2 [73].

4.2.2 Acupuncture vegulates sperm CatSper channels

CatSper channel, a sperm-specific calcium channel including four pore-forming
o subunits (CatSperl-CatSper4), was essential for the regulation of sperm motility,
hyperactivity, and male fertility [71, 74]. The abundance of CatSper protein was sig-
nificantly decreased in sperm of idiopathic asthenozoospermia (1AZS) patients. The
result of animal experiment showed that the sperm motility of idiopathic asthenozoo-
spermia rats was improved after EA treatment. In particular, 2 Hz-EA treatment can
reverse the decreased protein tyrosine phosphorylation, over-activation, acrosome
reaction, and other sperm dysfunction and fertility impairment in AZS rats. The pos-
sible mechanism may be associated with that 2 Hz TEAS or EA treatment enhanced
the functional expression of CatSper channels in the sperm [11]. In addition, an RCT
demonstrated that the sperm count and motility in patients with abnormal semen
parameters were improved after 2 months of treatment of TEAS, which may be
related to the increase of zinc, Neutral a-glucosidase and fructose levels in seminal
plasma and the regulation of calcium-and integrin-binding protein-1 (CIB1) and
cyclin-dependent kinase 1 (CDK1) (Figure 3) [75].

4.2.3 Acupuncture regulates the hypothalamic: Pituitary-gonadal axis

The endocrine system plays an important role in maintaining normal reproductive
function. The spermatogenesis was regulated by the hypothalamic—pituitary-gonadal
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Figure 3.
Mechanism of EA in the treatment of asthenospermia through the CatSper pathway [11]. Abbreviation: EA,
electroacupuncture; iAZS, idiopathic asthenozoospermia.
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axis [72]. The hypothalamus synthesizes and secretes GnRH to stimulate the pitu-
itary, which produces FSH and LH to act on testes and regulate the endocrine and
spermatogenic processes [76]. Abnormal FSH and LH levels decreased testosterone
synthesis, which is required for the spermatogenic cycle and plays an integral role
in spermatogenesis, sperm maturation, and sperm release, resulting in decreased
fertility and even infertility. A systematic review and meta-analysis demonstrated
that 2 Hz transcutaneous electrical acupoint stimulation (TEAS) and EA were
effective in improving the reproductive hormones FSH, LH, and testosterone in
Oligoasthenospermia patients [63]. Cao et al. conducted an animal experiment and
found that acupuncture reduced the LH level and increased the testosterone level and
sperm density and motility in rats with oligoasthenospermia [77].

5. Summary and outlook

Over the past two decades, acupuncture has played a significant and increasingly
recognized role in supporting and enhancing various assisted reproductive techniques.
Acupuncture holds promising prospects as a complementary therapy in the field of
assisted reproductive technology, offering potential improvements in reproductive
outcomes, emotional well-being, and overall patient experiences. By incorporating acu-
puncture into routine practice, individuals undergoing assisted reproductive treatments
have the opportunity to enhance their chances of success and overall satisfaction.

Acupuncture serves as a valuable aid in reproductive technology by targeting spe-
cific acupuncture points and meridians that are closely associated with reproductive
function. Skilled acupuncturists utilize techniques such as needling, moxibustion,
and acupressure to stimulate these points, restoring the body’s energy balance. This
holistic approach aims to optimize the reproductive system, improve the quality of
eggs and sperm, regulate menstrual cycles, enhance uterine receptivity, and support
the implantation process.

The development of acupuncture-assisted reproductive technology has been a
gradual process, with research studies and clinical trials providing evidence of its
potential benefits. However, it is important to note that further high-quality research is
needed to consolidate these findings and provide stronger support. Continued explora-
tion of acupuncture’s mechanisms of action, refinement of treatment protocols, and
larger-scale clinical trials will contribute to a better understanding of its efficacy and
enable its optimal integration into standard assisted reproductive technology protocols.
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ART assisted reproductive technology

Al artificial insemination

IVF-ET in vitro fertilization-embryo transfer
CPR clinical pregnancy rate
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LBR live birth rate

EA electroacupuncture

HPO hypothalamic—pituitary-ovarian
COH controlled ovarian hyperstimulation
OHSS ovarian hyperstimulation syndrome
POR poor ovarian response

UBF uterine blood flow

PCOS polycystic ovary syndrome

POI poor ovarian insufficient

POF premature ovarian failure

DOR diminished ovarian reserve

OBF ovary blood flow

pPSv peak systolic velocity

ICSI intracytoplasmic sperm injection
OPR ongoing pregnancy rate

FET frozen embryo transfer

GnRH gonadotropin-releasing hormone
FSH follicle-stimulating hormone

LH luteinizing hormone

PCO hypothalamus in polycystic ovary
NGF nerve growth factor

BCL-2 B-cell lymphoma-2

AMH anti-Mullerian hormone

PI3K phosphatidylinositol 3-kinase

mTOR mammalian target of rapamycin
HFHS high in fat and sugar

RIF recurrent implantation failure

WOI embryo implantation window

HCG human chorionic gonadotropin
VEGF vascular endothelial growth factor
FGF fibroblast growth factor

PMSG serum gonadotropin

DCs dendritic cells

BMSC bone marrow mesenchymal stem cells
SDF-1 stromal cell derived faction-1

CXCR4 C-X-C chemokine receptor 4

bFGF basic fibroblast growth factor

NK natural killer

IL-12 interleukin-12

ulNK uterine natural killer

AsAb antisperm antibodies

TT total testosterone

FT free testosterone

p-ERK phosphorylated extracellular signal-regulated protein kinase
Nrf2 nuclear factor erythroid 2-related factor 2
HO-1 heme oxy-genase-1

iAZS idiopathic asthenozoospermia

CIB1 calcium-and integrin-binding protein-1
CDK1 cyclin-dependent kinase 1

TEAS transcutaneous electrical acupoint stimulation
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