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Ultra-weak bioluminescence, also known as ultra-weak photon emission (UPE), is
one of the functional characteristics of biological organisms, characterized by
specialized, low-energy level luminescence. Researchers have extensively studied
UPE for decades, and the mechanisms by which UPE is generated and its
properties have been extensively investigated. However, there has been a
gradual shift in research focus on UPE in recent years toward exploring its
application value. To better understand the application and trend of UPE in
biology and medicine, we have conducted a review of relevant articles in
recent years. Among the several topics covered in this review is UPE research
in biology and medicine (including traditional Chinese medicine), primarily
focused on UPE as a promising non-invasive tool for diagnosis and oxidative
metabolism monitoring as well as a potential tool for traditional Chinese medicine
research.
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1 Introduction

The luminescence of fireflies is a common biological phenomenon in nature. It is
generally accepted that the relaxation of oxyluciferin excited by luciferase enzyme from the
excited state to the ground state emits photons and is called bioluminescence (Yeh and Ai,
2019; Adams and Miller, 2020; Wang and Liu, 2021). Only a few species of organisms exhibit
bioluminescence due to specific biochemical reactions, such as insects, fish, algae, and fungi
(Haddock et al., 2010; Widder, 2010; Al-Handawi et al., 2022). It is, however, important to
note that all living organisms (animals, plants, bacteria, fungi, yeasts, humans) continuously
emit ultra-weak photons spontaneously without any external stimulation, which is known as
ultra-weak bioluminescence, biophoton emission, ultra-weak photon emission, etc. (Niggli,
1992; Devaraj et al., 1997; Vogel and Stissmuth, 1999; Niggli et al., 2003; Tafur et al., 2010;
Prasad and Pospisil, 2013).

Gurwitsch (Gurwitsch, 1923) made the first breakthrough in this field in 1923. However,
it did not receive much attention at the time due to the poor technology available for
detecting photons. The existence of ubiquitous UPE in living organisms was not
demonstrated until the development of the photon multiplier tube (PMT) in the 1950s,
which increased the sensitivity and detection capabilities of weak radiation in the visible light
spectrum significantly. Most of the early progress toward UPE was made by USSR research
teams. As early as the 1970s, studies about UPE attracted the attention of scientists
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worldwide. Several research groups in Japan (Inaba, 1988), Germany
(Popp et al.,, 1981), Poland (Cadenas, 1984), Australia (Quickenden
et al,, 1985), the USA (18), and China (Yan and Zhang, 1979) have
begun to conduct research on the ultra-weak photon emission of
biological systems by the use of ultra-low noise, highly sensitive
photon counting systems.

Early studies have focused on the fundamentals of UPE, such as
the mechanisms and properties of its generation, as well as the
factors influencing it. However, the focus of recent studies has
shifted to UPE as a potential non-invasive diagnostic tool, the
integration of UPE and metabolomics, as well as the relationship
between UPE and Traditional Chinese Medicine. The purpose of
this review is to provide an overview of the application of UPE in
biology and medicine and to discuss some of the future directions of
UPE research.

2 Characterization of UPE

The intensity of UPE is extremely weak at 10'-10*photons/sec/
cm?’ (or equivalently 10-16 to 10-18 W/cm?), which is weaker by 1/
1000 times the sensitivity of the human eye (10-12 to 10-14 W/cm?)
(Kobayashi, 2003). The ultra-weak intensity characteristic of UPE
makes it cannot be detected by the naked eye. However, it can be
measured by highly sensitive apparatuses, such as PMT and charge-
coupled devices (CCD). And there has been evidence that the
spectral range of UPE ranges from the near ultra-violet A region
(UVA) to the visible and infrared regions (IR) of the electromagnetic
spectrum (Kobayashi et al., 1999; Cifra and Pospisil, 2014).

UPE was not distributed uniformly throughout the human body.
Different body sites showed varying levels of UPE intensity, with
some areas showing relatively high and low levels. Despite some
disparities in UPE between individuals, the overall distribution
pattern is analogous; in other words, the upper extremities and
head region have a higher intensity of UPE than the torso (Wijk and
Wijk, 2005) and a high degree of left-right symmetry (Cohen and
Popp, 1997a).

There were factors that could have an impact on UPE. The
results of previous research have shown that external factors such as
external light (Niggli et al., 2005; Wijk and Wijk, 2005), diurnal
rhythm (Author Anonymous et al, 2007; Cifra et al, 2007;
Kobayashi et al., 2009), time of the year (Jung et al., 2005; Wijk
and Wijk, 2005), and oxygen concentration (Nakamura and
Hiramatsu, 2005) have some influence on the emission of UPE.
In spite of this, studies have shown that UPE is linked to
physiological and pathological states. Some internal factors, such
as age (Zhao et al,, 2016), gender (Cohen and Popp, 1997b; Zhao
etal., 2016), and consciousness activities (Van Wijk et al., 2005; Van
Wijk et al., 2008a; Van Wijk et al., 2008b), can also affect the
intensity of photon emission.

3 UPE and oxidative stress

Reactive oxygen species (ROS) are collections of metabolites
derived from molecular oxygen, whose instability results in easy
reactions with other molecules in the cell (Dickinson and Chang,
2011). ROS are products of metabolic activities that, at low/medium
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concentrations, play critical roles in intracellular homeostasis, cell
proliferation, cell death, immune defense against pathogens, as well
as gene and protein expression. However, excessively high levels of
ROS can adversely affect the body (Murphy et al., 2011; Ray et al.,
2012; Schieber and Chandel, 2014; Pizzino et al., 2017). The
antioxidant system within living organisms has been developed
to protect cellular components against oxidative damage caused
by ROS. However, in some cases, the formation of ROS exceeds the
capacity of the antioxidant system, resulting in oxidative stress. As a
result of oxidative stress, multiple organs and systems can be
adversely affected, and excess free radicals produced by oxidative
stress can damage proteins, lipids, and DNA, leading to the
development of diseases such as diabetes, neurodegenerative
diseases, cardiovascular diseases, rheumatoid arthritis, and cancer
(Dhalla et al., 2000; Newsholme et al., 2016; Prasad et al., 2017; Phull
et al,, 2018; Sumien et al., 2021). The importance of oxidative stress
in physiopathology makes it imperative to find an analytical method
that can continuously and non-invasively monitor oxidative
metabolic status in vivo.

3.1 The mechanism of UPE production

The photon emissions of UPE are believed to be primarily
attributed to the relaxation of electronically excited species
(Figure 1) formed during the oxidative metabolic processes of
lipids, proteins, and nucleic acids by reactive oxygen species in
biological systems (Pospisil et al., 2019). The oxidative reaction of
ROS on biomolecules initiates the decomposition of the unstable
high-energy intermediates 1,2-dioxetane and tetroxide, thereby
starting the formation of triplet excited carbonyls (PR = O¥).
When pigments are in close proximity with excited carbonyl
species, the non-radiative energy transfer results in the formation
of singlet ('P*) and triplet (*P*) excited pigments, whereas when the
molecule oxygen is in contact, singlet oxygen ('O,) is formed (Cifra
and Pospisil, 2014; Pospisil et al, 2019). These triplet excited
carbonyls, singlet excited pigments, triplet excited pigments, and
singlet oxygen contribute to the photon emission in the near UVA
and blue-green (350-550 nm) regions, green-red (550-750 nm)
region, red-near IR (750-1000 nm) region, red (634 and 703 nm)
and near IR (1270 nm) regions of the spectrum respectively (Mano
et al, 2014; Prasad et al, 2018). The mitochondria are the
predominant source of photon emission by the oxidative
phosphorylation in the membrane, which produces the most
ROS in cells (Shanei et al., 2017).

3.2 UPE as an oxidative metabolism monitor

Considering that UPE is associated with oxygen consumption,
ROS formation, and electron excited states, it is theoretically possible
to use UPE to monitor the organism’s oxidative metabolism and
stress (Tafur et al,, 2010). As early as 1980, Boveris et al. (1980)
explored the possibility of using chemiluminescence techniques to
continuously monitor organ metabolism in vivo. After the injection
of exogenous hydroperoxides, they observed an increase in UPE by
up to 30 times. Adamo et al. (1989) reported that in 1989,
hyperthyroid rats suffered

induced with tri-iodothyronine
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FIGURE 1

The production of intracellular ROS and mechanisms of electronically excited species formation. (ROS production occurs in cell membranes,
chloroplasts and mitochondria, where oxygen was converted into Oze-, H,O,, HO* and 10,; the oxidation of biomolecules by ROS leads to the formation
of 3R=0%*, 1P*, 3P* 10, respectively, resulting in photon emission at different spectral wavelengths.).

hypermetabolism and oxidative stress, resulting in a higher UPE than
controls. The results of Kobayashi et al. (1999) showed that oxidative
stress induced by hyperoxia (100% oxygen inhalation) enhanced the
intensity of UPE in rat brains by approximately 130%, followed by a
gradual decrease in photon emission intensity as oxygen
concentrations returned to normal levels (45% oxygen inhalation).
Studies described above explore the potential application of UPE in
the non-invasive monitoring of oxidative metabolism and oxidative
stress in living tissues. There also has been some research further
demonstrating the feasibility of using UPE as a tool for the dynamic
monitoring of oxidative stress at the cellular level. Shanei et al. (2017)
found that UPE was significantly elevated in HT-29 cells after the
application of H,0,. The association between UPE and ROS was
further explored by using HL-60 cells, which were differentiated
into neutrophil-like cells with all-trans retinoic acid and then
induced respiratory bursts with phorbol 12-myristate 13-acetate
(PMA). A significant increase in UPE was observed after PMA
treatment in cells treated with all-trans retinoic acid for 7 days.
Furthermore, a significant reduction of UPE was observed after
the application of DPI, an inhibitor of NADPH oxidase (Burgos
et al,, 2017). The review by (Vahalova and Cifra, 2023)presented
in detail on how UPE can be used to report on various aspects of
the cellular oxidation process as well as the advantages and
disadvantages of UPE as a biotechnology in monitoring
biological oxidation.
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In general, studies on UPE and oxidative stress are mainly in
dermatology (Table 1). As the outermost barrier of the body, the
skin is exposed to external factors such as UV, oxygen, and
pollutants, which leads to increased ROS production. Aside from
that, the skin is continuously exposed to endogenous ROS-induced
oxidative effects, which means that the skin has a higher ROS load
than any other organ in the body (Rinnerthaler et al., 2015). The
oxidative stress caused by elevated ROS levels can lead to a reduction
in the structural integrity of the skin as well as a loss of physiological
function, which increases the risk of skin diseases and skin cancers
(Durai et al,, 2012; Kammeyer and Luiten, 2015). As a result,
monitoring oxidative stress in the skin is of great importance for
anti-aging and skin disease prevention. However, most of the
modern techniques are based on the detection of markers of
oxidative stress in skin samples or biopsies of tissue or blood
(Hagens et al., 2008; Alexandrova and Bochev, 2009). There is a
lack of tools for non-invasive spatiotemporal monitoring of skin
oxidative metabolism.

Several studies have demonstrated that UPE can serve as a non-
invasive tool for the dynamic monitoring of oxidative stress in the
skin (Hagens et al., 2008; Khabiri et al., 2008; Rastogi and Pospisil,
2011; Gabe et al, 2014; Tsuchida et al, 2019a; Tsuchida and
Kobayashi, 2020). According to Hagens et al. (2008), skin UPE
emission showed an elevated trend after UVA exposure, while the
topical application of vitamin C and alpha-glucosyl rutin
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TABLE 1 Studies on the association between UPE and skin disorders.

Subjects

Measurement
components

Body parts

10.3389/fchem.2023.1140128

Main results/conclusions

Reference

Porcine skin samples in vitro

Porcine skin samples in
vitro; Human skin in vivo

PMT

PMT

The inner forearms (in vivo)

UPE generated by oxidation-stressed skin is
mainly due to non-fluorescent photon
emission via Trp amino acid; Measurement
of UPE could be a highly sensitive method to
assess oxidative processes in biological
molecules

UPE measurement following UVA excitation
could precisely reflect a dose-dependent
antioxidant effect of topically applied
vitamin C and alpha-glucosyl rutin

2007

2007

Khabiri et al.
(2008)

Hagens et al.
(2008)

Human skin in vivo

PMT and CCD camera

The dorsal and the palm side of the
hand

UPE increased after the application of H,Oy;
UPE measurement serves as a powerful non-
invasive tool for monitoring peroxide-
induced oxidative processes in the human
skin

2010

Rastogi and
Pospisil (2010)

Human skin in vivo

Human skin in vivo

Human skin in vivo

PMT

PMT and CCD camera

PMT and CCD camera

The dorsal surface of the hands

The dorsal side of the right hand

The dorsal and palmar sides of the
hand

UV exposure resulted in an increase in UPE;
The specific topical OPCs cream formulation
reduced UV-induced UPE in the skin; The
UPE measurement protocol can be utilized
for the routine evaluation of the antioxidant
efficacy of topical formulations on human
skin

Spontaneous UPE can be used as a non-
invasive tool for the temporal and spatial
monitoring of the oxidative metabolic
processes and intrinsic antioxidant system in
human skin

Both UVA radiation and visible light
exposure led to increased UPE; Two-
dimensional photon imaging can serve as a
potential tool for monitoring the oxidative
stress in the human skin induced by various
stress factors irrespective of its physical or
chemical

2010

2011

2012

Van Wijk et al.
(2010)

Rastogi and
Pospisil (2011)

Prasad and
Pospisil (2012)

Human skin in vivo

Human skin tissue in vitro;
Human skin in vivo

Human skin in vivo

Human skin in vivo; Normal
human epidermal
keratinocytes in vitro

PMT

CCD camera

CCD camera

PMT

The inner upper arm and the outer
forearm for women; the inner upper
arm, outer forearm, and buttock
for men

The backs of the Fingers (in vivo)

The facial skin

The inner upper arm

Steady-state UPE reflects not only intrinsic
skin aging and cutaneous color but also the
current oxidative status independent of skin
aging

UPE measurement is a useful method to
evaluate UV-induced oxidation in the
human skin, and UPE imaging is an effective
method to visually evaluate oxidative stress
in the human skin

Upe intensity was correlated with porphyrin
score in the skin; UPE imaging of facial skin
revealed regional variations of oxidative
stress and site-specific increases in oxidative
stress with age

Long-lasting UPE generated between 1 and
3 min immediately after UV exposure, which
is associated with lipid hydroperoxide
production, is a valuable indicator to
estimate and/or avoid severe cutaneous
photodamage

2014

2019

2020

2020

Gabe et al. (2014)

Tsuchida et al.
(2019b)

Tsuchida and
Kobayashi (2020)

Gabe et al. (2021)

Abbreviations: PMT, photon multiplier tube; CCD, charge-coupled devices; UPE, ultra-weak photon emission.

significantly reduced it and exhibited a dose-dependent effect on
UPE emission. In addition, UPE has also been found to have a
significant correlation with skin aging (Gabe et al., 2014).

The above studies are skin UPE studies based on a
photomultiplier tube, which provides information such as
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radiation intensity, while UPE detection by CCD camera
technology can provide spatial and temporal information
about skin UPE. In the study of (Rastogi and Pospisil, 2011),
it was found that skin spontaneous UPE is reduced when
anaerobic conditions are present, while it is enhanced when
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TABLE 2 Studies on the association between UPE and metabolic disorders.

Disease Subjects Samples/Measurement site

Diabetes Human Blood samples from diabetic patients and healthy
subjects

Diabetes Human Forehead, throat, heart, abdomen, and navel of
type 2 diabetic patients and healthy subjects

Diabetes Huaman The dorsal and palm of both hands in pre-diabetic
subjects

Diabetes Human The dorsal and palm of both hands in pre-diabetic
subjects

Hyperlipidemic = Human Blood samples from hyperlipidemia patients and
healthy subjects

10.3389/fchem.2023.1140128

Main results Year Reference
Patients with diabetes mellitus showed 3-4 times higher 1982 Inaba et al.
emission levels than healthy control samples; Glucose levels (1982)

in diabetic subjects were not directly related to emission

intensity

Patients with diabetes have significantly higher and lower | 2017 Yang et al.
photon intensity in their navel and forehead, respectively (2017)

than healthy subjects; For the throat and forehead, the Q

value and the percentage of signals yielding normal values for

squeezed state parameters as well as SSI in type 2 diabetes

patients are lower than in healthy subjects

Out of the 40 parameters obtained, 16 were able to 2016 Sun et al.
differentiate between the three subtypes of pre-diabetes (2017)

The three TCM-based subtypes of early-stage type 2 diabetes | 2019 He et al. (2019)
can be distinguished by plasma metabolomics.

A correlation was found between UPE parameters and

plasma metabolites, primarily lipids, and these correlations

differed among the subtypes

Blood photon counts were generally higher in subjects with | 1982 Inaba et al.
hyperlipidemia (1982)

Abbreviations: UPE, ultra-weak photon emission; SSI, squeezed state index; TCM, traditional Chinese medicine.

hyperoxic conditions are present, with reduced photon emission
after topical application of glutathione, a-tocopherol, ascorbic
acid, and coenzyme Q10. Tsuchida et al. (2019a) found that UVA-
induced UPE intensity increased in a dose-dependent manner,
that sodium L-ascorbate, L-glutathione, and d-&-tocopherol
significantly inhibited the UVA-induced UPE, and that the
antioxidant effect of sunscreens was confirmed by CCD
camera imaging. Furthermore, there is a study that found that
facial wrinkle scores were correlated with the intensity of UPE in
the skin (Tsuchida and Kobayashi, 2020). Based on the studies
presented above, it can be concluded that UPE detection
technology can be used as a non-invasive tool to measure
oxidative metabolism and oxidative stress in the skin at a
temporal and spatial scale.

4 UPE and disease

As mentioned above, UPE production can be affected by internal
factors such as age, gender, and brain activity (Cohen and Popp,
1997b; Van Wijk et al., 2005; Van Wijk et al., 2008a; Van Wijk et al.,
2008b; Zhao et al., 2016). It should be noted, however, that disease
factors can also result in significant changes in UPE parameters (Ives
et al.,, 2014). It was speculated that the UPE measurement could also
be used as a non-invasive diagnostic tool due to the strong association
between ROS production and the onset and progression of several
disorders, including diabetes, neurodegenerative  diseases,
cardiovascular diseases, rheumatoid arthritis, and cancer (Dhalla
et al, 2000; Newsholme et al., 2016; Prasad et al., 2017; Phull
et al, 2018; Sumien et al, 2021). A significant portion of the
research conducted in recent years has focused on investigating
the relationship between UPE and disorders, as well as the

feasibility of using UPE as a non-invasive diagnostic tool.
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Among the diseases studied, metabolic disorders account for
a significant percentage (Table 2). The blood UPE intensity of
diabetic patients was found to be 3-4 times higher than that of
healthy subjects, while the blood UPE intensity of hyperlipidemic
patients was also significantly greater than that of healthy
individuals (Inaba et al., 1982). On the other hand, studies in
recent years have focused on choosing different body parts for
non-invasive UPE testing. Yang et al. (Yang et al, 2017)
performed UPE testing on a total of five sites of the human
body: forehead, throat, heart, abdomen, and navel in a total of
50 patients with type 2 diabetes using a movable whole-body
biophoton detecting system. They found that the UPE emission
intensity at the navel was significantly higher in type 2 diabetic
patients than in the healthy group. In contrast, the photon
intensity at the forehead was significantly lower than in the
healthy group. Other UPE parameters such as Q value,
compression state parameter, and compression state index
were also observed to be different between T2DM patients and
healthy individuals. Furthermore, other studies have examined
the association between UPE of hands and different “syndromes”
of diabetes in Chinese medicine in order to investigate the
feasibility of using UPE or combined plasma metabolomics to
diagnose different traditional Chinese “syndromes” in diabetic
patients (Sun et al., 2017; He et al., 2019).

It also has been found that the blood UPE photon count is three
to four times higher in cancer patients than in healthy individuals in
early studies (Inaba et al., 1982). Subsequent studies regarding the
association between UPE and cancer have been conducted with
tissues or animal models (Table 3). There has not been any UPE-
related study that could be retrieved using cancer patients as
research subjects. As reported by Amano et al. (1995), the
number of UPE photons in tumor sites of bladder cancer mice
was significantly higher than in normal tissues. Kim et al. (2005)
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TABLE 3 Studies on the association between UPE and cancer.

Subjects

Cancer type/Cell line

10.3389/fchem.2023.1140128

Detection system Reference

components

Human blood
samples

Human cancer
tissues
infiltrating ductal carcinoma

Cancers of the hepatobiliary system and gastrointestinal tract

Moderately differentiated adenocarcinoma, lung tumor, hepatocellular carcinoma, papillary
microcarcinoma, esophagus tumor, breast tumor, leiomyosarcoma, follicular adenoma,

PMT Inaba et al. (1982)

PMT Kim et al. (2005)

Mice Transplanted bladder cancer/KK-47 cells video-intensified system Amano et al.
(1995)

Mice Human esophageal carcinoma cell lines: TE4, TE9 and rat hepatoma cell line AHI09A CCD camera Takeda et al.
(2004)

Mice Breast cancer/MDA-MB-231 PMT Zhao et al. (2017a)

Mice AsPC-1, Capan-1, CFPAC-1, B16-BL6, BxPC3, HBL 100, HEK 293, HELA, HPAF-11, HSG, PMT Murugan et al.

Hs 578T, MCF7, and MDA MB 231 (2020)
Mice Ovarian cancer/OVCAR-3 PMT Kim et al. (2006)

Abbreviations: PMT, photon multiplier tube; CCD, charge-coupled devices.

measured the UPE emitted from cancerous frozen tissues and found
that the UPE of cancer tissues differed from that of normal tissues,
with UPE emission varying for different types of tumors. It was
found that the UPE intensity of hepatocellular carcinoma,
intermediately differentiated adenocarcinoma, lung cancer, and
esophageal cancer tissues was higher than that of normal tissues;
the mean UPE intensity of papillary microcarcinoma tissues was
slightly higher than that of normal tissues, while the UPE intensity of
breast cancer tissues was lower. Takeda et al. (2004) implanted
AH109A, TE4, and TE9 cell lines into mice and used a CCD camera
system to analyze changes in the UPE of animals at different
intervals following tumor cell transplantation. They indicated
that the intensity of UPE reflected the viability of tumor tissue
and revealed that the biophoton intensity of tumors was positively
correlated with tumor size at 1 week (correlation coefficient 0.73).
Zhao et al. (2017a) demonstrated the changes in UPE parameters
during tumor growth in nude mouse models inoculated with human
breast cancer cells. They selected the following parameters as their
main criteria: UPE intensity on the left and right sides of the body
surface and the ratio of left to right intensity. A significant difference
in UPE parameters between the model group and the control group
has been observed, and the UPE parameters clearly distinguished
tumor-bearing mice from healthy mice, even in the early stages of
tumor development. Murugan et al. (2020) also demonstrated that
tumor cells emit more photons than non-malignant cells. The results
of these studies indicate that UPE is a potential non-invasive tumor
screening method, at least in vitro. It may be necessary to conduct in-
vivo studies on cancer patients in order to clarify the feasibility of
using UPE as a non-invasive diagnostic tool for detecting cancer. It
would be valuable to explore the role of UPE measurements in the
early detection of cancer.

Furthermore, several studies have addressed the correlation
between UPE and other disorders such as cold (Yang et al,
2015), multiple sclerosis (Cohen and Popp, 1997a), hemiparesis
(Jung et al., 2003), rheumatoid arthritis (He et al., 2017), and
transplanted ovarian tumors (Kim et al, 2006). However, the
number of these studies is relatively small and the indicators
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Further
investigation of the application of UPE as a non-invasive

used for observation are relatively homogeneous.
diagnostic tool will need to be conducted in future studies that
combine UPE parameters with clinical symptoms, laboratory
indicators, and Omics analysis.

5 UPE and Traditional Chinese Medicine

Traditional Chinese medicine (TCM) has thousands of years of
application history and differs significantly from modern medicine
in its understanding of diseases and its approach to both the
prevention and treatment of illness. TCM has always followed
the guiding principle of the “theory that man is an integral part
of nature,” which holds that the human body is an open system
constantly exchanging information and energy with the external
environment (Wang, 2012). TCM has a specific and holistic
approach to the management of health, taking the connection
and unity between the human body and the environment as its
main guiding principle, utilizing acupuncture and herbal medicine,
as well as modifying patients’ lifestyles to prevent and treat diseases
(Li and Xu, 2011; Dou et al., 2021). The diagnostic and therapeutic
approaches of traditional Chinese medicine differ greatly from those
of modern medicine; thus, combining the knowledge of Chinese
medicine with modern medicine will undoubtedly enhance the
development of the medical field (Schroen et al., 2014). However,
like other traditional medicine, TCM also faces several significant
challenges. It is difficult for scientists with other cultural
backgrounds to comprehend complex TCM theories due to the
significant differences between TCM theories and modern medicine.
In addition, the inadequacy of modern scientific research has limited
the dissemination of TCM theories throughout the world. Most
TCM research still follows segmentation and reductionist
approaches, which are not suited to reflect the holistic and
dynamic characteristics of TCM systems. As a result, researchers
have devoted considerable time and effort to finding tools and
methods that can better reflect TCM’s holistic and dynamic
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characteristics. One of these methods is the use of UPE

measurement.

5.1 UPE in meridian and acupuncture
research

In TCM, meridians are considered to be an essential part of the
body structure, being the main channels for the flow of Qi and blood
as well as for the transmission of information, while acupuncture
points are points with therapeutic effects distributed throughout the
body (Ifrim Chen et al., 2019). In Chinese medicine, the meridian
system plays a significant role in understanding pathological
changes in disease, as well as guiding the diagnosis and treatment
of illness (Wang et al., 2010). Previous studies indicated that UPE
measurement is a potential tool for meridian and acupuncture
research. It was demonstrated by Yan et al. that the surface of
the human body has 14 high-incidence rays, which are highly
coincident with the 14 meridian routes (Yan et al, 1989). In
addition, the luminescence of the acupuncture points of the
12 main meridians was higher than that of the non-acupuncture
points (Yan et al, 1984). A significant change in luminescence
intensity was also observed at the distal end of the Jing-Well Points
associated with the acupuncture points after the needling of Qi (Yan
et al,, 1993). A significant difference was found in UPE between the
left and right hands of patients with hemiparesis, with a left-right
asymmetry characterized by a low UPE on the paralyzed side.
However, the asymmetry was significantly improved after
acupuncture treatment (Jung et al., 2003). Park et al. (2009) have
also found that subjects showed significant changes in photon
emission in the palm after magnetic needle stimulation. There is
clearly some overlap between these UPE studies and the meridian
theory of TCM. It would be a significant discovery if the existence
and connotation of the meridian system could be revealed and
verified by means of UPE measurement.

5.2 UPE and TCM syndrome

“Syndrome differentiation and treatment” is another
characteristic of TCM theory. In Chinese medicine, a syndrome
is a generalization of a specific stage or type of pathology in the
disease process, reflecting the stage-specific nature of the disease
(Guo et al., 2006). The same disease can have several different TCM
syndromes, while different diseases can also have the same
syndrome. “Syndrome differentiation and treatment” is a
comprehensive analysis based on the information obtained from
the four diagnosis methods of TCM (inspection, listening and
smelling examination, inquiry, and palpation) to clarify the
essence of the illness and to determine the treatment principles
and prescriptions (Jiang et al., 2012). The study of TCM syndromes
plays an imperative role in TCM research. In recent years,
researchers have been searching for methods that can better
match the holistic and dynamic nature of TCM syndromes, while
UPE is able to do so precisely. According to Yan et al. (1982), the
intensity of UPE on the body surface of animal models of deficiency
syndrome was significantly reduced, which varied with the degree of

weakness. It was concluded that UPE parameters could serve as an
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indicator of an organism’s deficiency syndrome status. Sun et al.
(2017) performed UPE measurements on 44 pre-diabetic subjects on
the palm and dorsum of both hands, while the TCM syndrome of
these patients was determined by experienced Chinese medicine
practitioners. A total of 40 parameters were obtained for each
The three TCM
syndromes: Qi-Yin deficiency, Qi-Yin deficiency with dampness,

subject. subjects were categorized into
and Qi-Yin deficiency with stagnation. Based on statistical analysis,
16 UPE parameters were able to differentiate between the three
TCM symptoms in these subjects, with a prediction accuracy of
97.81%. In a subsequent study by the same team, metabolomics and
UPE were combined to further analyze these three pre-diabetic
TCM Their
metabolomics and UPE parameters were able to distinguish these

three subtypes. A correlation analysis revealed that UPE was

syndromes. study showed that both plasma

associated with specific plasma metabolites, primarily lipids (He
et al,, 2019). In the study conducted by Wang et al. (2020), UPE
intensity at the Dazhui acupoint was significantly higher in patients
with Spleen-Qi deficiency syndrome than in healthy individuals. It
was observed that after the Ginseng treatment was applied, the
elevated UPE was significantly reduced. A novel approach to the
study of TCM syndromes was proposed based on the results of these
studies. UPE has shown to be an extremely promising research tool
in the field of TCM syndromes. However, additional explorations
and studies are needed to further illustrate the feasibility and
accuracy of characterizing TCM syndromes using UPE parameters.

5.3 UPE and herbal medicine

Chinese herbal medicine has a thousands-year history of
application and plays a critical role in TCM. In the course of
applying Chinese herbal medicine for thousands of years, a series
of unique theories have been developed. It has been widely
recognized in recent years that Chinese herbal medicine can be
used as a complementary or alternative therapy for a variety of
illnesses (Chaudhury, 2015). Meanwhile, researchers are constantly
exploring methods to interpret the theory of herbal medicine using
modern scientific techniques and tools, which include UPE and
delayed luminescence (DL)—a continuously decaying ultra-weak
luminescence from objects that have been exposed to light (Strehler
and Arnold, 1951; Popp and Yan, 2002; Scordino et al., 2014).

A Research on the antioxidant properties of
Chinese medicine

As research on TCM progresses, the pharmacological
mechanisms by which it exerts its therapeutic effects are being
of TCM have been
demonstrated to be closely related to some of its effects. A

revealed. The antioxidant properties

growing awareness of the benefits of natural antioxidants has led
to a rising interest in the antioxidant properties of herbal medicines
(Benzie and Wachtel-Galor, 2011; Liu and Jiang, 2012; Phu et al,,
2020). It is also possible to evaluate the antioxidant properties of
herbal medicines using UPE since it can be used as a tool for
assessing dynamic oxidative metabolism. Several research groups
have also conducted antioxidant studies using UPE on herbal
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medicines. A randomized controlled trial explored changes in UPE
parameters in subjects after the application of Rhodiola Rosea. One
week after Rhodiola Rosea administration, the subjects in the
Rhodiola Rosea group showed a significant reduction in dorsal
photon emission from both hands compared to the placebo
group, as well as a statistically significant reduction in the
experienced levels of stress and of fatigue (tiredness) (Schutgens
et al,, 2009). According to another study, Ginseng was also capable
of reducing UPE intensity in mice with Spleen Qi deficiency
syndrome, which may be attributed to Ginseng’s inhibitory
effects on oxidative stress (Wang et al., 2020).

B Research on the hot and cold properties of
Chinese medicine

The hot and cold properties of herbal medicine are important parts
of TCM theory, which is of great importance for clinical practice and is
also the focus of current research on Chinese medicine (Zhao et al.,
2011). It was suggested by Pang et al. (Pang et al,, 2016a) that DL,
combined with statistical analysis, could provide new methods and
parameters for the study of the cold and hot properties of herbal
medicines. The subsequent spectral analysis revealed significant
differences between cold and hot herbal medicines in terms of
spectral distribution and decay probability distribution. The results
of this study provided a basis for analyzing the cold and hot properties
of DL (Pang et al, 2016b). Scenedesmus obliquus was used as a
bioindicator in another study by the same group. Cold and hot
herbal decoctions were added to scenedesmus obliquus, respectively,
and DL was detected. Based on an elaborate analysis of the parameters,
the K value was found to be a useful parameter for distinguishing
between the cold and hot properties of herbal medicines (Yang et al,
2022). It appears that the detection of scenedesmus obliquus DL values
after drug administration is a promising approach for studying cold and
hot medicinal properties. Zhou et al. (Zhou et al., 2019), on the other
hand, investigated the UPE in the abdomen and back of mice given cold
and hot Chinese herbs by gavage, respectively. Their results showed that
the UPE intensity ratios in the abdomen and dorsum were significantly
lower in mice treated with cold herbal medicines than in normal
controls. In contrast, hot herbal medicines showed the opposite
results. All of these findings suggest that both UPE and DL are very
promising tools for studying the medicinal properties of herbal
medicines.

C Research on quality control of Chinese
medicine

Chinese herbal medicines hold a very prominent position in the
clinical practice of TCM. It should be noted, however, that the quality
of Chinese herbal medicines varies due to the wide range of sources
and origins. Therefore, quality control of Chinese herbal medicines is
amajor concern in the field. So, if the relationship between UPE or DL
parameters and active ingredient content can be established, this may
be a promising technique for the quality control of herbal medicines.
An analysis of DL results for several types of herbal medicines
(Aconite, Rhubarb, and Ginseng) was conducted by Sun et al.
(Sun et al,, 2016a). It has been shown that DL is a promising tool
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for assessing the quality of dried herbal medicines and that the
combination of DL and chemical analysis provides an effective
way to control herbal medicine quality. The same group also
investigated the effect of different altitudes on rhubarb chemistry.
Rhubarb from different altitudes was collected for HPLC analysis and
DL measurements, both of which reflected that the quality of rhubarb
was influenced by environmental factors. Spearman correlation
analysis revealed a significant correlation between DL and
bioactive compounds (Sun et al,, 2016b). The study of Zhao et al.
(Zhao et al., 2017b) on spontaneous UPE of herbal medicines also
showed that UPE parameters could reflect the content of specific
active compounds in the same herb in different growth periods. All of
these studies suggested that UPE and DL could be potential tools for
the quality control of herbal medicines. However, the number of
current studies is relatively low, and the variety of herbs tested is
limited. Future studies are still needed to conduct a large number of
tests in combination with chemical composition analysis.

6 Conclusion and prospection

Over the past few decades, UPE has been extensively studied as
an inherent function of organisms. It is generally believed that UPE
originates from the relaxation of electronically excited species from
the excited state to the ground state during oxidative metabolism. As
aresult, it is widely used in studies that assess oxidative stress in vivo,
primarily in studies involving the skin. UPE is also a promising non-
invasive diagnostic tool that has been investigated by many
researchers. However, the number of diseases examined is
limited, and large-scale tests are still needed to enrich the basis
of UPE as a non-invasive diagnostic tool. Using UPE in conjunction
with various omics techniques to explore the modern interpretation
of TCM syndromes may be a promising direction of research to
assist in explaining the complex TCM syndrome theory. Moreover,
combining UPE or DL with chemical analysis for quality control of
Chinese herbal medicines would be an excellent research topic. In
conclusion, UPE has great potential for application, but further
research is required to further verify its reliability.

Author contributions

JD conceived and wrote the manuscript. TD, BC, and ZW
helped to sort the literature. MY and JH revised and edited the
manuscript. All authors contributed to the manuscript and
approved the submitted version.

Funding

This work was supported by the Natural Science Foundation of
China (no. 82004212), the Key Research and Development Plan of
Shandong Province (no. 2019GSF108168), Traditional Chinese
Medicine Science and Technology Project of Shandong Province
(no. M-2022259), the Academic Promotion Program of Shandong
First Medical University (no. 2019LJ001), and the Medical and
Health Science and Technology Development
Shandong Province (no. 202203070909).

project of

frontiersin.org



Du et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer KM declared a shared affiliation with the author JD
and TD to the handling editor at the time of review.

References

Adamo, A. M., Llesuy, S. F, Pasquini, J. M., and Boveris, A. (1989). Brain
chemiluminescence and oxidative stress in hyperthyroid rats. Biochem. J. 263 (1),
273-277. doi:10.1042/bj2630273

Adams, S. T., Jr., and Miller, S. C. (2020). Enzymatic promiscuity and the evolution of
bioluminescence. FEBS J. 287 (7), 1369-1380. doi:10.1111/febs.15176

Al-Handawi, M. B, Polavaram, S., Kurlevskaya, A., Commins, P., Schramm, S.,
Carrasco-Lopez, C., et al. (2022). Spectrochemistry of firefly
bioluminescence. Chem. Rev. 122 (16), 13207-13234. doi:10.1021/acs.chemrev.
1c01047

Alexandrova, M. L., and Bochev, P. G. (2009). Reduced extracellular phagocyte
oxidative activity, antioxidant level changes and increased oxidative damage in healthy
human blood as a function of age. Age (Dordr). 31 (2), 99-107. doi:10.1007/s11357-008-
9085-9

Amano, T., Kobayashi, M., Devaraj, B., Usa, M., and Inaba, H. (1995). Ultraweak
biophoton emission imaging of transplanted bladder cancer. Urol. Res. 23 (5), 315-318.
doi:10.1007/bf00300020

Boveris, A., Cadenas, E., Reiter, R., Filipkowski, M., Nakase, Y., and Chance, B. (1980).
Organ chemiluminescence: Noninvasive assay for oxidative radical reactions. Proc.
Natl. Acad. Sci. 77 (1), 347-351. doi:10.1073/pnas.77.1.347

Benzie, I. F. F., and Wachtel-Galor, S. (Editors) (2011). Herbal Medicine: Biomolecular
and Clinical Aspects. 2nd Edn. CRC Press/Taylor & Francis.

Burgos, R. C. R,, Schoeman, J. C., van Winden, L. J., Cervinkova, K., Ramautar, R.,
Van Wijk Epa, et al. (2017). Ultra-weak photon emission as a dynamic tool for
monitoring oxidative stress metabolism. Sci. Rep-Uk 7, 1229. doi:10.1038/s41598-
017-01229-x

Cadenas, E. (1984). Biological chemiluminescence. Photochem Photobiol. 40 (6),
823-830. doi:10.1111/j.1751-1097.1984.tb04657.x

Chaudhury, R. R. (2015). Herbal remedies and traditional medicines in reproductive
health care practices and their clinical evaluation. . Reproductive Health ¢ Med. 1 (1),
44-46. doi:10.1016/j.jrhm.2015.01.004

Cifra, M., and Pospisil, P. (2014). Ultra-weak photon emission from biological
samples: Definition, mechanisms, properties, detection and applications.
J. Photochem Photobiol. B 139, 2-10. doi:10.1016/j.jphotobiol.2014.02.009

Cifra, M., Van Wijk, E., Koch, H., Bosman, S., and Van Wijk, R. (2007) Spontaneous
ultra-weak photon emission from human hands is time dependent.
RADIOENGINEERING-PRAGUE- 16 (2), 151210-152512.

Cohen, S., and Popp, F. A. (1997). Biophoton emission of the human body.
J. Photochem Photobiol. B 40 (2), 187-189. d0i:10.1016/s1011-1344(97)00050-x

Cohen, S., and Popp, F. A. (1997). Low-level luminescence of the human skin. Skin.
Res. Technol. 3 (3), 177-180. doi:10.1111/j.1600-0846.1997.tb00184.x

Devaraj, B., Usa, M., and Inaba, H. (1997). Biophotons: Ultraweak light emission from
living systems. Curr. Opin. Solid State Mater. Sci. 2 (2), 188-193. d0i:10.1016/s1359-
0286(97)80064-2

Dhalla, N. S., Temsah, R. M., and Netticadan, T. (2000). Role of oxidative stress in
cardiovascular diseases. J. Hypertens. 18 (6), 655-673. doi:10.1097/00004872-
200018060-00002

Dickinson, B. C,, and Chang, C. J. (2011). Chemistry and biology of reactive oxygen
species in signaling or stress responses. Nat. Chem. Biol. 7 (8), 504-511. doi:10.1038/
nchembio.607

Dou, Z., Xia, Y., Zhang, J., Li, Y., Zhang, Y., Zhao, L., et al. (2021). Syndrome
differentiation and treatment regularity in traditional Chinese medicine for type
2 diabetes: A text mining analysis. Front. Endocrinol. (Lausanne) 12, 728032. doi:10.
3389/fendo.2021.728032

Durai, P. C,, Thappa, D. M., Kumari, R, and Malathi, M. (2012). Aging in elderly:
Chronological versus photoaging. Indian J. Dermatol 57 (5), 343-352. doi:10.4103/
0019-5154.100473

Gabe, Y., Murase, D., Kasamatsu, S., Osanai, O., Takahashi, Y., and Hachiya, A.
(2021). Exploitation of long-lasting ultraweak photon emission to estimate skin
photodamage after ultraviolet exposure. Skin. Res. Technol. 27 (3), 309-315. doi:10.
1111/srt.12944

Frontiers in Chemistry

10.3389/fchem.2023.1140128

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Gabe, Y., Osanai, O., and Takema, Y. (2014). The relationship between skin aging and
steady state ultraweak photon emission as an indicator of skin oxidative stress in vivo.
Skin Res. Technol. 20 (3), 315-321. doi:10.1111/srt.12121

Guo, L., Wang, Y. Y., Zhang, Z. B, and Zhang, J. L. (2006). [Origination and
development of syndrome concept in traditional Chinese medicine]. Zhong Xi Yi Jie He
Xue Bao 4 (4), 335-338. doi:10.3736/jcim20060403

Gurwitsch, A. (1923). Die Natur des spezifischen Erregers der Zellteilung. Arch. fiir
Mikrosk. Anat. Entwicklungsmechanik. 100 (1), 11-40. doi:10.1007/bf02111053

Haddock, S. H., Moline, M. A., and Case, J. F. (2010). Bioluminescence in the sea.
Ann. Rev. Mar. Sci. 2, 443-493. doi:10.1146/annurev-marine-120308-081028

Hagens, R., Khabiri, F., Schreiner, V., Wenck, H., Wittern, K. P., Duchstein, H.J., et al.
(2008). Non-invasive monitoring of oxidative skin stress by ultraweak photon emission
measurement. IT: Biological validation on ultraviolet A-stressed skin. Skin. Res. Technol.
14 (1), 112-120. doi:10.1111/j.1600-0846.2007.00207.x

He, M., Sun, M. M, Koval, S., Van Wijk, R., Hankemeier, T., Van der Greef, J., et al.
(2019). Traditional Chinese medicine-based subtyping of early-stage type 2 diabetes
using plasma metabolomics combined with ultra-weak photon emission. Engineering 5
(5), 916-923. doi:10.1016/j.eng.2019.03.011

He, M., van Wijk, E., van Wietmarschen, H., Wang, M., Sun, M., Koval, S., et al.
(2017). Spontaneous ultra-weak photon emission in correlation to inflammatory
metabolism and oxidative stress in a mouse model of collagen-induced arthritis.
J. Photochem Photobiol. B 168, 98-106. doi:10.1016/j.jphotobiol.2016.12.036

Ifrim Chen, F., Antochi, A. D., and Barbilian, A. G. (2019). Acupuncture and the
retrospect of its modern research. Rom. J. Morphol. Embryol. 60 (2), 411-418.

Inaba, H. (1988). Super-high sensitivity systems for detection and spectral analysis of
ultraweak photon emission from biological cell cells and tissues. Experientia 44 (7),
550-559. doi:10.1007/bf01953302

Inaba, H., Yamagishi, A., Takyu, C., Yoda, B., Goto, Y., Miyazawa, T, et al. (1982).
Development of an ultra-high sensitive photon counting system and its application to
biomedical measurements. Opt. Lasers Eng. 3 (2), 125-130. doi:10.1016/0143-8166(82)
90006-9

Ives, J. A., van Wijk, E., Bat, N., Crawford, C., Walter, A., Jonas, W. B,, et al. (2014).
Ultraweak photon emission as a non-invasive health assessment: A systematic review.
Plos One 9 (2), €87401. doi:10.1371/journal.pone.0087401

Jiang, M., Lu, C., Zhang, C,, Yang, J.,, Tan, Y., Lu, A, et al. (2012). Syndrome
differentiation in modern research of traditional Chinese medicine. . Ethnopharmacol.
140 (3), 634-642. doi:10.1016/j.jep.2012.01.033

Jung, H. H., Woo, W. M,, Yang, J. M., Choi, C, Lee, J., Yoon, G., et al. (2003). Left-
right asymmetry of biophoton emission from hemiparesis patients. Indian J. Exp. Biol.
41 (5), 452-456.

Jung, H. H,, Yang, J. M., Woo, W. M., Choi, C,, Yang, J. S., and Soh, K. S. (2005). Year-long
biophoton measurements: Normalized frequency count analysis and seasonal dependency.
J. Photochem Photobiol. B 78 (2), 149-154. doi:10.1016/j.,jphotobiol.2004.08.002

Kammeyer, A., and Luiten, R. M. (2015). Oxidation events and skin aging. Ageing Res.
Rev. 21, 16-29. doi:10.1016/j.arr.2015.01.001

Khabiri, F.,, Hagens, R, Smuda, C,, Soltau, A., Schreiner, V., Wenck, H., et al. (2008).
Non-invasive monitoring of oxidative skin stress by ultraweak photon emission (UPE)-
measurement. I: Mechanisms of UPE of biological materials. Skin. Res. Technol. 14 (1),
103-111. doi:10.1111/j.1600-0846.2007.00205.x

Kim, J., Choi, C., Lim, J., You, H., Sim, S. B.,, Yom, Y. K., et al. (2005).
Measurements of spontaneous ultraweak photon emission and delayed
luminescence from human cancer tissues. J. Altern. Complement. Med. 11 (5),
879-884. doi:10.1089/acm.2005.11.879

Kim, J.,, Lim, J,, Kim, H., Ahn, S,, Sim, S. B,, and Soh, K. S. (2006). Scanning
spontaneous photon emission from transplanted ovarian tumor of mice using a

photomultiplier tube. Electromagn. Biol. Med. 25 (2), 97-102. doi:10.1080/
15368370600719000

Kobayashi, M., Kikuchi, D., and Okamura, H. (2009). Imaging of ultraweak
spontaneous photon emission from human body displaying diurnal rhythm. PLoS
One 4 (7), €6256. doi:10.1371/journal.pone.0006256

frontiersin.org



Du et al.

Kobayashi, M., Takeda, M., Sato, T., Yamazaki, Y., Kaneko, K., Ito, K, et al. (1999). In
vivo imaging of spontaneous ultraweak photon emission from a rat’s brain correlated
with cerebral energy metabolism and oxidative stress. Neurosci. Res. 34 (2), 103-113.
doi:10.1016/s0168-0102(99)00040-1

Kobayashi, M. (2003). Spontaneous ultraweak photon emission of living organisms-
biophotonsphenomena and detection techniques for extracting biological information.
Trends Photochem Photobiol. 10, 111-135.

Li, Z.,and Xu, C. (2011). The fundamental theory of traditional Chinese medicine and
the consideration in its research strategy. Front. Med. 5 (2), 208-211. doi:10.1007/
511684-011-0126-x

Liu, Q. M,, and Jiang, J. G. (2012). Antioxidative activities of medicinal plants from
TCM. Mini Rev. Med. Chem. 12 (11), 1154-1172. doi:10.2174/138955712802762239

Mano, C. M,, Prado, F. M., Massari, J., Ronsein, G. E., Martinez, G. R., Miyamoto, S.,
etal. (2014). Excited singlet molecular O2 (1Ag) is generated enzymatically from excited
carbonyls in the dark. Sci. Rep. 4, 5938. doi:10.1038/srep05938

Murphy, M. P., Holmgren, A. Larsson, N. G. Halliwell, B., Chang, C. J,
Kalyanaraman, B., et al. (2011). Unraveling the biological roles of reactive oxygen
species. Cell Metab. 13 (4), 361-366. doi:10.1016/j.cmet.2011.03.010

Murugan, N. J., Persinger, M. A., Karbowski, L. M., and Dotta, B. T. (2020). Ultraweak
photon emissions as a non-invasive, early-malignancy detection tool: An in vitro and in
vivo study. Cancers (Basel) 12 (4), 1001. doi:10.3390/cancers12041001

Nakamura, K., and Hiramatsu, M. (2005). Ultra-weak photon emission from human
hand: Influence of temperature and oxygen concentration on emission. J. Photochem
Photobiol. B 80 (2), 156-160. doi:10.1016/j.jphotobiol.2005.02.005

Newsholme, P., Cruzat, V. F., Keane, K. N, Carlessi, R., and de Bittencourt, P. L., Jr
(2016). Molecular mechanisms of ROS production and oxidative stress in diabetes.
Biochem. J. 473 (24), 4527-4550. doi:10.1042/bcj20160503¢

Niggli, H.J., and Applegate, L. A. (2003). “Biophotons: Ultraweak photons in cells,” in
Integrative biophysics:  Biophotonics. Editors F-A. Popp and L. Beloussov
(DordrechtNetherlands: Springer), 361-385.

Niggli, H. J., Tudisco, S., Privitera, G., Applegate, L. A., Scordino, A., and Musumeci,
F. (2005). Laser-ultraviolet-A-induced ultraweak photon emission in mammalian cells.
J. Biomed. Opt. 10 (2), 024006. doi:10.1117/1.1899185

Niggli, H. J. (1992). Ultraweak photons emitted by cells: Biophotons. J. Photochem.
Photobiol. B Biol. 14 (1), 144-146. doi:10.1016/1011-1344(92)85090-h

Pang, ., Fu, J., Yang, M., Zhao, X,, van Wijk, E., Wang, M., et al. (2016). Correlation
between the different therapeutic properties of Chinese medicinal herbs and delayed
luminescence. Luminescence 31 (2), 323-327. doi:10.1002/bi0.2961

Pang, J., Zhu, X,, Liu, Y., Fu, J., Zhao, X,, Yang, M., et al. (2016). Spectral analysis of
Chinese medicinal herbs based on delayed luminescence. Evid. Based Complement.
Altern. Med. 2016, 1-8. doi:10.1155/2016/8469024

Park, S. H., Kim, J., and Koo, T. H. (2009). Magneto-acupuncture stimuli effects on
ultraweak photon emission from hands of healthy persons. J. Acupunct. Meridian Stud.
2 (1), 40-48. doi:10.1016/s2005-2901(09)60014-5

Phu, H. T., Thuan, D. T. B,, Nguyen, T. H. D., Posadino, A. M., Eid, A. H., and Pintus,
G. (2020). Herbal medicine for slowing aging and aging-associated conditions: Efficacy,
mechanisms and safety. Curr. Vasc. Pharmacol. 18 (4), 369-393. doi:10.2174/
1570161117666190715121939

Phull, A. R, Nasir, B., Haq, I. U., and Kim, S. J. (2018). Oxidative stress, consequences
and ROS mediated cellular signaling in rheumatoid arthritis. Chem. Biol. Interact. 281,
121-136. doi:10.1016/j.cbi.2017.12.024

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., et al.
(2017). Oxidative stress: Harms and benefits for human health. Oxid. Med. Cell Longev.
2017, 1-13. doi:10.1155/2017/8416763

Popp, F. A, Ruth, B,, Bahr, W,, Béhm, J., Grass, P., Grolig, G., et al. (1981). Emission of
visible and ultraviolet radiation by active biological systems. Collect. Phenom. 3, 187-214.

Popp, F. A., and Yan, Y. (2002). Delayed luminescence of biological systems in terms
of coherent states. Phys. Lett. A 293 (1-2), 93-97. doi:10.1016/s0375-9601(01)00831-3

Pospisil, P., Prasad, A., and Rac, M. (2019). Mechanism of the formation of
electronically excited species by oxidative metabolic processes: Role of reactive
oxygen species. Biomolecules 9 (7), 258. doi:10.3390/biom9070258

Prasad, A., Balukova, A., and Pospisil, P. (2018). Triplet excited carbonyls and singlet
oxygen formation during oxidative radical reaction in skin. Front. Physiol. 9, 1109.
doi:10.3389/fphys.2018.01109

Prasad, A., and Pospisil, P. (2013). Towards the two-dimensional imaging of
spontaneous ultra-weak photon emission from microbial, plant and animal cells.
Sci. Rep. 3, 1211. doi:10.1038/srep01211

Prasad, A., and Pospisil, P. (2012). Ultraweak photon emission induced by visible light
and ultraviolet A radiation via photoactivated skin chromophores: <italic&gt;in
vivo&lt;/italic&gt; charge coupled device imaging. J. Biomed. Opt. 17 (8), 085004.
doi:10.1117/1.jb0.17.8.085004

Prasad, S., Gupta, S. C., and Tyagi, A. K. (2017). Reactive oxygen species (ROS) and
cancer: Role of antioxidative nutraceuticals. Cancer Lett. 387, 95-105. doi:10.1016/j.
canlet.2016.03.042

Frontiers in Chemistry

10

10.3389/fchem.2023.1140128

Quickenden, T. I, Comarmond, M. J., and Tilbury, R. N. (1985). Ultra weak
bioluminescence spectra of stationary phase Saccharomyces cerevisiae and
Schizosaccharomyces pombe. Photochem. Photobiol. 41 (5), 611-615. doi:10.1111/j.
1751-1097.1985.tb03534.x

Rastogi, A., and Pospisil, P. (2011). Spontaneous ultraweak photon emission imaging
of oxidative metabolic processes in human skin: Effect of molecular oxygen and
antioxidant defense system. J. Biomed. Opt. 16 (9), 096005. doi:10.1117/1.3616135

Rastogi, A., and Pospisil, P. (2010). Ultra-weak photon emission as a non-invasive
tool for monitoring of oxidative processes in the epidermal cells of human skin:
Comparative study on the dorsal and the palm side of the hand. Skin. Res. Technol.
16 (3), 365-370. doi:10.1111/j.1600-0846.2010.00442.x

Ray, P. D., Huang, B. W,, and Tsuji, Y. (2012). Reactive oxygen species (ROS)
homeostasis and redox regulation in cellular signaling. Cell Signal 24 (5), 981-990.
doi:10.1016/j.cellsig.2012.01.008

Rinnerthaler, M., Bischof, J., Streubel, M. K., Trost, A., and Richter, K. (2015).
Oxidative stress in aging human skin. Biomolecules 5 (2), 545-589. doi:10.3390/
biom5020545

Schieber, M., and Chandel, N. S. (2014). ROS function in redox signaling and
oxidative stress. Curr. Biol. 24 (10), R453-R462. doi:10.1016/j.cub.2014.03.034

Schroen, Y., van Wietmarschen, H. A., Wang, M., van Wijk, E. P., Hankemeier, T, Xu,
G. W,, et al. (2014). East is East and West is West, and never the twain shall meet?
Science 346 (6216), S10-S2.

Schutgens, F. W., Neogi, P., van Wijk, E. P., van Wijk, R,, Wikman, G., and Wiegant,
F. A. (2009). The influence of adaptogens on ultraweak biophoton emission: A pilot-
experiment. Phytother. Res. 23 (8), 1103-1108. doi:10.1002/ptr.2753

Scordino, A., Baran, I, Gulino, M., Ganea, C., Grasso, R., Niggli, J. H., et al. (2014).
Ultra-weak delayed luminescence in cancer research: A review of the results by the
ARETUSA equipment. J. Photochem Photobiol. B 139, 76-84. doi:10.1016/j.jphotobiol.
2014.03.027

Shanei, A., Alinasab, Z., Kiani, A., and Nematollahi, M. A. (2017). Detection of
ultraweak photon emission (UPE) from cells as a tool for pathological studies. J. Biomed.
Phys. Eng. 7 (4), 389-396.

Strehler, B. L., and Arnold, W. (1951). Light production by green plants. J. Gen.
Physiol. 34 (6), 809-820. doi:10.1085/jgp.34.6.809

Sumien, N., Cunningham, J. T., Davis, D. L., Engelland, R., Fadeyibi, O., Farmer, G. E.,
et al. (2021). Neurodegenerative disease: Roles for sex, hormones, and oxidative stress.
Endocrinology 162 (11), bqab185. doi:10.1210/endocr/bqab185

Sun, M., Li, L., Wang, M., van Wijk, E., He, M., van Wijk, R, et al. (2016). Effects of
growth altitude on chemical constituents and delayed luminescence properties in
medicinal rhubarb. J. Photochem Photobiol. B 162, 24-33. doi:10.1016/j.jphotobiol.
2016.06.018

Sun, M., van Wijk, R., van Wijk, E., Wang, M., van Wietmarschen, H., Hankemeier,
T., et al. (2016). Delayed luminescence: An experimental protocol for Chinese herbal
medicines. Luminescence 31 (6), 1220-1228. doi:10.1002/bio.3094

Sun, M. M,, Van Wijk, E., Koval, S., Van Wijk, R,, He, M., Wang, M., et al. (2017).
Measuring ultra-weak photon emission as a non-invasive diagnostic tool for detecting
early-stage type 2 diabetes: A step toward personalized medicine. J. Photoch Photobio B
166, 86-93. doi:10.1016/j.jphotobiol.2016.11.013

Tafur, J., Van Wijk, E. P., Van Wijk, R., and Mills, P. J. (2010). Biophoton detection
and low-intensity light therapy: A potential clinical partnership. Photomed. Laser Surg.
28 (1), 23-30. doi:10.1089/pho.2008.2373

Takeda, M., Kobayashi, M., Takayama, M., Suzuki, S., Ishida, T., Ohnuki, K,, et al.
(2004). Biophoton detection as a novel technique for cancer imaging. Cancer Sci. 95 (8),
656-661. doi:10.1111/j.1349-7006.2004.tb03325.x

Tsuchida, K., Iwasa, T., and Kobayashi, M. (2019). Imaging of ultraweak photon
emission for evaluating the oxidative stress of human skin. J. Photoch Photobio B
2019, 198.

Tsuchida, K., Iwasa, T., and Kobayashi, M. (2019). Imaging of ultraweak photon
emission for evaluating the oxidative stress of human skin (vol 198, 111562. J. Photoch
Photobio B 2021, 218.

Tsuchida, K., and Kobayashi, M. (2020). Oxidative stress in human facial skin
observed by ultraweak photon emission imaging and its correlation with biophysical
properties of skin. Sci. Rep-Uk 10 (1), 9626. doi:10.1038/s41598-020-66723-1

Vahalova, P., and Cifra, M. (2023). Biological autoluminescence as a perturbance-free
method for monitoring oxidation in biosystems. Prog. Biophys. Mol. Biol. 177, 80-108.
doi:10.1016/j.pbiomolbio.2022.10.009

Van Wijk, E. P., Ackerman, J., and Van Wijk, R. (2005). Effect of meditation on

ultraweak photon emission from hands and forehead. Forsch Komplementarmed Klass.
Naturheilkd 12 (2), 107-112. doi:10.1159/000084028

Van Wijk, E. P, Ludtke, R., and Van Wijk, R. (2008). Differential effects of relaxation
techniques on ultraweak photon emission. J. Altern. Complement. Med. 14 (3), 241-250.
doi:10.1089/acm.2007.7185

Van Wijk, E. P, Van Wijk, R, and Bajpai, R. P. (2008). Quantum squeezed state
analysis of spontaneous ultra weak light photon emission of practitioners of meditation
and control subjects. Indian J. Exp. Biol. 46 (5), 345-352.

frontiersin.org



Du et al.

Van Wijk, E. P., Van Wijk, R, and Bosman, S. (2010). Using ultra-weak photon emission to
determine the effect of oligomeric proanthocyanidins on oxidative stress of human skin.
J. Photochem Photobiol. B 98 (3), 199-206. doi:10.1016/j.jphotobiol.2010.01.003

Vogel, R, and Siissmuth, R. (1999). Weak light emission patterns from lactic acid
bacteria. Luminescence 14 (2), 99-105. doi:10.1002/(sici)1522-7243(199903/04)14:
2<99::aid-bi0519>3.0.c0;2-7

Wang, G.J.,, Ayati, M. H,, and Zhang, W. B. (2010). Meridian studies in China: A systematic
review. J. Acupunct. Meridian Stud. 3 (1), 1-9. doi:10.1016/s2005-2901(10)60001-5

Wang, J. H. (2012). Traditional Chinese medicine and the positive correlation with
homeostatic evolution of human being: Based on medical perspective. Chin. J. Integr.
Med. 18 (8), 629-634. doi:10.1007/s11655-012-1170-3

Wang, M. Y., and Liu, Y. J. (2021). Chemistry in fungal bioluminescence: A theoretical
study from luciferin to light emission. J. Org. Chem. 86 (2), 1874-1881. doi:10.1021/acs.
joc.0c02788

Wang, N., Huang, X,, Li, T., Wang, M., Yue, H., Chen, C,, et al. (2020). Application of
RRLC-QTOF-MS-based metabonomics and UPE for investigating Spleen-Qi deficiency
syndrome with Panax ginseng treatment. J. Ethnopharmacol. 256, 112822. doi:10.1016/j.
j€p.2020.112822

Widder, E. A. (2010). Bioluminescence in the ocean: Origins of biological, chemical,
and ecological diversity. Science 328 (5979), 704-708. doi:10.1126/science.1174269

Author Anonymous (2007). in Spontaneous ultra-weak photon emission from human
hands varies diurnally2007. Editors E. Wijk, R. V. Wijk, and M. Cifra

Wijk, E. P., and Wijk, R. V. (2005). Multi-site recording and spectral analysis of
spontaneous photon emission from human body. Forsch Komplementarmed Klass.
Naturheilkd 12 (2), 96-106. doi:10.1159/000083935

Yan, Z,, Chi, Y., Zhu, X,, Cheng, J., Wang, P., Wang, Y., et al. (1993). Application of
ultra-weak cold light information pattern on the body surface in the study of

"syndrome", needling of Qi and characteristics of acupuncture points in Chinese
medicine (in Chinese). Beijing J. Traditional Chin. Med. 1993 (01), 51-53.

Yan, Z,, Shi, Y., Wang, Y., Huang, G., Jin, B., and Tang, W. (1989). Study of the high
cold light characteristics of the human fourteen meridians (in Chinese). Zhenci Yanjiu
14 (03), 389-394.

Yan, Z,, Tian, L., Lin, W,, Shu, Q., Ge, Y., and Li, J. (1984). Exploration of the cold light
pattern of the twelve human meridians and acupuncture points (in Chinese). Chin.
Acupunct. Moxibustion 1984 (02), 24-26.

Frontiers in Chemistry

11

10.3389/fchem.2023.1140128

Yan, Z., Yu, S., and Li, J. (1982). Study of cold light information on the body surface in
animal models of deficiency syndrome (in Chinese). J. Traditional Chin. Med. 1982 (01),
70-72. doi:10.13288/j.11-2166/r.1982.01.037

Yan, Z., and Zhang, X. (1979). Preliminary study of the human body surface photon
emission. Prog. Biochem. Biophysics 2, 48-52.

Yang, M., Ding, W. Y., Liu, Y. L., Fan, H., Bajpai, R. P,, Fu, J. L,, et al. (2017). Ultra-
weak photon emission in healthy subjects and patients with type 2 diabetes: Evidence for
a non-invasive diagnostic tool. Photoch Photobio Sci. 16 (5), 736-743. doi:10.1039/
c6pp00431h

Yang, M., Pang, J., Zhang, Z., Fu, ], Fan, H,, Zhang, Y., et al. (2022). K value: An
indicator that can characterize the cold and hot properties of traditional Chinese
medicines. Front. Pharmacol. 13, 877102. doi:10.3389/fphar.2022.877102

Yang, M. N,, Pang, J. X,, Liu, J. Y., Liu, Y. L,, Fan, H.,, and Han, J. X. (2015). Spectral
discrimination between healthy people and cold patients using spontaneous photon
emission. Biomed. Opt. Express 6 (4), 1331-1339. doi:10.1364/boe.6.001331

Yeh, H. W, and Ai, H. W. (2019). Development and applications of bioluminescent
and chemiluminescent reporters and biosensors. Annu. Rev. Anal. Chem. (Palo Alto
Calif. 12 (1), 129-150. doi:10.1146/annurev-anchem-061318-115027

Zhao, X, Pang, J., Fu,J., Wang, Y., Yang, M., Liu, Y., et al. (2017). Spontaneous photon
emission: A promising non-invasive diagnostic tool for breast cancer. J. Photochem
Photobiol. B 166, 232-238. doi:10.1016/j.jphotobiol.2016.12.009

Zhao, X,, Pang, J., Fu, J., Yang, M., Van Wijk, E,, Liu, Y., et al. (2017). Application of
spontaneous photon emission in the growth ages and varieties screening of fresh
Chinese herbal medicines. Evid. Based Complement. Altern. Med. 2017, 1-10. doi:10.
1155/2017/2058120

Zhao, X, van Wijk, E,, Yan, Y., van Wijk, R., Yang, H. M., Zhang, Y., et al. (2016).
Ultra-weak photon emission of hands in aging prediction. J. Photoch Photobio B 162,
529-534. doi:10.1016/j.jphotobiol 2016.07.030

Zhao, Y. L., Wang, J. B,, Xiao, X. H., Zhao, H. P,, Zhou, C. P,, Zhang, X. R,, et al.
(2011). Study on the cold and hot properties of medicinal herbs by thermotropism
in mice behavior. J. Ethnopharmacol. 133 (3), 980-985. do0i:10.1016/j.jep.2010.
09.014

Zhou, B,, Li, T., Yang, M., Pang, J., Min, L., and Han, J. (2019). Characterization
of the hot and cold medicinal properties of traditional Chinese herbs by
spontaneous photon emission ratio of mice. J. Ethnopharmacol. 243, 112108.
doi:10.1016/}.jep.2019.112108

frontiersin.org



