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Abstract. In the knowledge that human ultra-weak photon emission (UPE) is mainly due 

to the metabolic oxidative stress processes that the skin cells undergo in the presence of 

reactive oxygen species (ROS), external stressors (like UV radiation), but also internal 

stressors (like diseases or brain activity) might strongly influence the UPE. This 

manuscript revises the scientific advances focused on the influence of internal factors on 

the human UPE. According to literature, the UPE seems to be influenced by some 

diseases (including diabetes, hemiparesis, protoporphyria, or a typical cold), and even by 

the cerebral intention/relaxation (brain activity/meditation). These allow to consider UPE 

as a natural and promising non-invasive spectroscopic tool for helping during the 

diagnosis of a variety of illnesses or stress- / mood-state disorders. Nonetheless, further 

research is required for answering some still unresolved controversial points. 

 

Keywords: Human biophoton emission or ultra-weak photon emission (UPE); 

Applications; Bioluminescence; Spectroscopy; Internal states; Diagnosis. 



Introduction 

Biophoton emission or ultra-weak photon emission (UPE) is the spontaneous 

emission generated by all living systems without the need of an external excitation 

[1-6]. According to Pospíšil et al. [7-9], UPE has been mainly attributed to the relaxation 

of electronically excited reactive oxygen species (ROS) formed in biological systems 

during oxidative processes like lipid peroxidation and protein and nucleic acid oxidation. 

The mechanism of the formation of electronically excited species by an oxidative 

metabolic process is complex and has been proposed in detail by Pospíšil el al. [7]. The 

oxidation of these biomolecules leads to the formation of high-energy intermediates, 

whose decomposition generates electronically excited species that undergo electronic 

transition to the ground state emitting photons primarily in the visible (VIS) range of 

wavelength. This visible radiation is not visually detectable because it is 3-6 orders of 

magnitude lower than the human eye visual threshold [10], but it can be distinguished 

from the black-body radiation because the intensity of a blackbody radiation is 1/1000 

times weaker than the UPE intensity [5].  

It is essential not to confuse UPE with other types of emission processes that can 

occur in living systems, such as bioluminescence. Bioluminescence has higher light 

intensities and is related to specific biochemical reactions, such as the well-known 

Luciferin-Luciferase bioluminescent system of fireflies, jellyfish, krill, some fungi, etc. 

[11, 12]. On the contrary, UPE is due to general oxidative stress reactions that are 

common to all living beings, including human beings [5-9]. Since Gurwitsch discovered 

UPE a century ago, numerous experimental studies have been published confirming the 

emission of biophotons from multiple cell types, either prokaryotic or eukaryotic (plant, 

fungi or animal) [2, 5, 13-16]. In the case of multicellular organisms, multiple cells 

contribute to UPE. However, the biophotons emitted by internal cells will not normally 

exit/leave the organism because of the low penetration of VIS radiation. Consequently, 

the UPE measured from multicellular organisms mainly comes from the cells located in 

their outermost layers. Regarding humans, the emitting cells responsible for UPE are 

primarily in the skin, being nowadays accepted that the origin of human UPE is mainly 

the human skin [7]. The skin is the front-line barrier of some external stressors such as 

the solar radiation and bacteria. Thus, this organ has developed an effective system to 

react to changes in the external environment [17]. In this respect, the correlation between 

UPE and the oxidative stress processes in the skin has been deeply studied [18-28]. The 

skin is exposed to the exogenous oxidative stress by ROS that may result from ultraviolet 



(UV) irradiation [19], ozone, air pollutants, etc. [18]. In this respect, several authors 

evidenced that UPE from the skin strongly increased after being exposed to UV-radiation, 

concluding that UV-radiation was an important skin stressor [20-28]. In addition, UPE 

intensity was not only evidenced to increase after exposition to UV radiation, but also a 

spectral shift was observed in the UV-induced UPE in comparison to the spontaneous 

UPE. Particularly, irradiation with UVA or UVB led to a UPE peak at approximately 550 

nm, whereas the spectral pattern of spontaneous UPE peaked at 600-650 nm as evidenced 

by Kobayashi et al. [27] (Figure 1). 

 
Figure 1. Spectrum of UV-induced UPE in human skin. UPE spectra were taken for 20 min after 
irradiating the human skin with UVA (1100 mJ/cm2) or UVB (234 mJ/cm2). The black line shows 
the UPE spectra after the UVA radiation, and the dark-grey line shows the spectra after the UVB 
radiation. The light-grey line indicates spontaneous UPE from human skin. Data are presented 
as means ± standard deviations (SD) and N=3 [27]. Reproduced with permissions from [27]. 

 

Besides UV radiation, a significant number of studies have investigated how UPE 

changes under the influence of other external factors such as temperature, season or time 

of day (biorhythm). The main milestones achieved over time regarding the analysis of 

human biophotons is summarized in Figure 2. The figure also indicates, for each 

measurement, the detector system used, the instrumental parameter measured, the part of 

the body analysed, and the number of subjects considered. For the interested reader, 

further information about the UPE phenomenon and the main technical advances 

regarding the measurement of human UPE are comprehensively and extensively 

discussed in previous literature [29-34]. 



 
Figure 2. Timeline showing the major challenges achieved in the human biophoton field (in black, 
marking in bold black the most widely studied or employed). Abbreviations: PMT, photomultiplier 
tube; CCD, charge-coupled device; cps, counts per second; n, number of subjects studied. 

 

Besides external factors, several studies have researched the influence of internal factors 

such as age, brain activity, diseases, etc. in human UPE. Particularly, within the last few 

years there has been an increasing interest on the analysis of human biophotons in relation 

to internal states, especially diseases, and their possible use as diagnostic tools. Therefore, 

this revision aims to comprehensively summarize and provide a critical overview of the 

published works to date about the influence of internal personal states, including disease, 

brain activity and other states, on the emission of biophotons in humans.      

 

Human biophoton for internal states diagnosis 

Regarding the research of UPE in human beings, the factors influencing the UPE 

intensity might be classified into two types: external (from the ambient and outside the 

body) and internal (characteristic of the body and its internal state) [34]. The external 

factors include the diurnal rhythm, the season, the external light (which induce a delayed 

luminescence emission), and the oxygen concentration [10, 35-39].  

The studied internal intrinsic factors include the age, sex, temperature, and body areas 

[10, 38, 40-43]. However, this review aims to rather make a critical revision of the internal 

states affecting UPE. These internal states comprise the presence of some diseases (health 



state) and the mood (personal state). The use of UPE as a non-invasive tool to diagnose 

different illnesses and/or evaluate the overall health state of a person has been preliminary 

proposed and discussed in literature [44-47]. It is presumable that some diseases might 

influence to a greater or lesser extent the normal UPE emitted by healthy cells or 

organism. Table 1 summarizes the most relevant studies focused on the influence of 

internal states on the UPE intensity. 

Table 1. Summary of the literature studying the influence of internal factors on human UPE.  

Internal states Part of 

the body 

analysed 

Number 

of 

subjects* 

Main milestones Ref 

Health States/Diseases 

Hemiparesis Hands 

(Dorsal 

&Palm) 

27 

(7D/20H) 

Hemiparesis patients emitted less UPE 

intensity in the parts affected by the 

disease. UPE asymmetry decreased after 

acupuncture treatment 

48 

Erythropoietic 

protoporphyria 

(EPP) 

Buttocks 

and hands 

15 (15D) A significant decrease in the UVA-

induced UPE intensity was observed in 

the patients that had started the treatment 

49 

Cold Fingers 30 

(10D/20H) 

Higher UPE intensity in cold patients. 

And spectral UPE red-shift of the 

maximum UPE peak from 525 nm to 580 

nm in cold patients with respect to 

healthy subjects 

50 

Diabetes Hands 

(Dorsal 

&Palm) 

44 (44D) UPE intensity differences among the 

three subtypes of diabetes 

51, 

52 

 Forehead, 

neck, 

heart, 

stomach, 

and navel 

110 

(50D/60H) 

Navel UPE intensity of diabetic group is 

significantly higher than in the healthy 

group. Forehead UPE intensity in the 

diabetic group is significantly lower than 

in the healthy group. No significant 

differences for the other three body sites 

between the D and H groups. 

Differences between the patients with 

type 2 diabetes and healthy subjects for 

several UPE parameters (using PCA**) 

53 

Spleen-Qi 

deficiency 

syndrome 

7th 

cervical 

vertebra 

on the 

midline of 

the back 

45 

(30D/15H) 

UPE intensity in the Spleen-Qi deficient 

patients was higher than that of health 

subjects. UPE intensity decreased after 

ginseng treatment 

54 



Personal States/Mood 

Meditation Hands 

and 

forehead 

5 Significant decrease in UPE intensity 

during meditation 

60 

12 

different 

areas 

(including 

torso, 

head, 

neck, and 

hands) 

20*** 

(10/10) 

Weaker UPE intensity emission in 

long-term transcendental meditation 

experienced subjects with respect to 

non-meditating subjects 

61, 

62 

60*** 

(20/20/20) 

63 

Imagining, 

intention or 

cognition (i.e. 

brain activity) 

Head 8 Significant increase in the UPE 

intensity from the right brain 

hemisphere when imagining white light 

65, 

66 

Head 11 67 

* D means diseased subjects; H means healthy subjects. ** PCA is Principal Component 

Analysis. *** 10/20 subjects who practised transcendental meditation were compared to 

10/20 control subjects. An extra group of 20 subjects who practiced other relaxation 

techniques were included in ref 64.  

 

 Various studies measured the spontaneous UPE from human subjects (i.e., in vivo) 

with some diagnosed illnesses. Jung et al. [48], compared the UPE from seven patients 

with hemiparesis against healthy subjects. The subjects differed in their UPE asymmetry, 

as hemiparesis patients emitted less in the parts affected by the disease. This asymmetry 

decreased after acupuncture treatment (Table 1). Petersen et al. [49], measured the UPE 

from the buttocks and hands of fifteen patients with Erythropoietic protoporphyria (EPP); 

a rare inherited disorder that results in acute cutaneous photosensitivity upon light 

exposure. Specifically, they evaluated the efficacy of taking zinc supplements to treat 

EPP in those patients. Previous exposure to UVA radiation was also studied. According 

to the results, lower UPE intensity values were obtained from buttocks than from hands. 

Lower UPE intensity values were also obtained without previous UVA irradiation than 

immediately after UVA exposure. Curiously, the UPE from hands in the EPP patients 

was found to be similar to the UPE of healthy individuals. In addition, a significant 

decrease in the UVA-induced UPE intensity (-73 %) was observed in those patients that 

had started the zinc treatment. According to the authors [49], the oxidative stress induced 

by UVA radiation in the EPP patients seemed to be lower when they took zinc 

supplements (Table 1). Yang et al. [50] measured the spontaneous UPE from 20 control 

healthy subjects and 10 patients with a cold (previous diagnosis). The individuals wore 



gloves for 30 min to eliminate the influence of their fingers delayed luminescence 

emission. The UPE from each finger was separately recorded. The spectral distribution 

of the UPE emission was measured by using bandpass filters. Interestingly, for some of 

the fingers, the ratio between the UPE at 550 and 495 nm showed significant differences 

between healthy and cold patients (Table 1). Therefore, the comparison of these particular 

ratios was confirmed as a suitable parameter for diagnostic purposes [50].  

Since 2017, several authors focused on investigating the UPE as a diagnosis tool of 

type 2 diabetes. Sun et al. [51] measured the spontaneous UPE from 44 male subjects 

with type 2 diabetes. They differentiated three subtypes of this disease by comparing the 

spontaneous UPE from the dorsal and palm sides of both hands with factors related to the 

symptoms, and with the use of statistical tools. In a second study regarding the three 

subtypes of diabetes (Table 1), they performed metabolomic analysis in combination with 

UPE measurements in order to correlate the UPE parameters with specific plasma 

metabolites. [52]. According to the authors, the UPE could be used as a screening tool to 

detect this disease in its early stages, before the onset of complications [51, 52].  In 

addition, Yang et al. [53] compared the spontaneous UPE from 50 female and male 

patients with type 2 diabetes, and from 60 healthy female and male subjects. The UPE 

was measured from five body parts including forehead, neck, heart, stomach, and navel. 

In addition, besides the UPE intensity, they used statistical analysis to study several 

parameters regarding the UPE signal including photon intensity, Q value, and squeezed 

state parameters. The large dataset allowed using several statistical methods. The results 

revealed some differences between the patients with type 2 diabetes and healthy subjects 

for several parameters (Table 1). Interestingly, when performing a Principal Component 

Analysis (PCA) considering all parameters and subjects, the subjects were clustered into 

two groups; healthy and diabetes-bearing subjects [53]. 

The combination of the UPE measurement and metabolomic analysis was also 

researched by Wang et al. [54] in order to diagnose Spleen-Qi deficiency syndrome. This 

is a syndrome referred by the traditional Chinese medicine characterized by physical 

weakness, pale, breath shortness, sweating, low voice, etc. In addition, they 

experimentally evaluated the efficacy of ginseng (Panax ginseng), the key herb 

traditionally taken to treat this syndrome. They measured the UPE at the Dazhui GV14 

point, which locates under the 7th cervical vertebra on the midline of the back. According 

to the results, the UPE intensity at the Dazhui point in the 30 Spleen-Qi deficient patients 

was higher than that of the 15 health subjects. After the ginseng treatment, the UPE 



intensity decreased significantly (Table 1), which indicates that ginseng might reduce the 

oxidative stress of the Spleen-Qi deficiency subjects. In addition, 15 biomarkers 

potentially involved in the Spleen-Qi deficiency syndrome were identified using 

metabolomics and statistical analysis [54]. 

Curiously, as far as we know, there are no reports of any study proving UPE 

differences between human patients with or without cancer. Some authors have focused 

on studying the influence of cancer on UPE but using in vitro cell cultures and/or using 

in vivo mice models [55-59]. Amano et al. [55] evidenced a slight increase in the UPE 

intensity from mice with transplanted bladder cancer. The regions of untreated tumour 

provided higher UPE intensity than normal regions. Takeda et al. [56, 57] evidenced 

characteristic spectral differences in the UPE emission during the cell proliferation of 

human oesophageal carcinoma cells (TE9 cell line) (in vitro studies) [56], and during 

tumour growth of the TE4, TE9 and AH109A tumours in transplanted mice [57]. Zhao et 

al. [58] studied the entire breast cancer growth process comparing against healthy 

controls. They tried to find differences in the UPE intensity from the right and left side of 

the body surface on human breast cancer-bearing nude mice models. Significant 

differences in the UPE intensity were observed between the tumour-bearing and control 

mice. Similarly, Murugan et al. [59] also differentiated mice with and without tumours 

based on the differences in their UPE. The UPE from healthy mice remained stable 

whereas mice with tumours showed different fluctuations in the UPE intensity. Hence, at 

least in animal models, the measurement of UPE seems to be a promising non-invasive 

tool for cancer diagnosis. Therefore, there is a research need focused on this approach in 

order to settle the UPE-measurement as a non-invasive tool for in vivo human cancer 

diagnosis. 

In addition to the health state, some mind/mood states (i.e., personal states) were 

also evidenced to influence the UPE intensity. This influence was studied by Wijk et 

al. [60-63] by evaluating the effects of transcendental meditation on the UPE intensity. 

In a first study (Table 1), the UPE intensity was measured from five healthy subjects (two 

female and three male) experienced in meditation before, during and after meditation in 

sitting or supine positions [60]. The UPE from hands was recorded when sitting, while 

the UPE from their foreheads was recorded when lying on their backs. Subjects were 

hidden away from ambient light for at least one hour before their UPE measurement. The 

results supported the hypothesis that the human UPE can be influenced by meditation, 

because a significant decrease in UPE was observed during meditation (Table 1). In a 



second study, they recorded the UPE images from 12 different areas (including torso, 

head, neck, and hands) of 20 healthy men (50 years old) [61]. The measurements were 

made between 11 am and 2 pm. Ten of the subjects practised transcendental meditation, 

whereas the remaining ten did not practise any relaxation technique. The authors observed 

that the UPE was significantly weaker in those long-term transcendental meditation 

experienced subjects (Table 1) [61, 62]. However, the percent contribution of the UPE 

emission from different anatomic locations (i.e., relative UPE distribution along the body) 

was not significantly different for meditation practitioners and control subjects [62]. 

Afterwards, the authors increased the subject population (n = 60) including an 

intermediate group of 20 subjects who practised other relaxation techniques other than 

transcendental meditation. They obtained similar results (Table 1), although 

transcendental meditation was more efficient than the other techniques [63]. The authors 

claimed that the results agreed with the other documented investigations that confirmed 

physiologic changes during meditation, which were observed in the corresponding 

electrocardiogram, electroencephalogram, and skin-resistance recordings. This 

observation might be in accordance with the fact that the stress is connected to an 

increased production of ROS, which could explain the higher UPE in the control subjects. 

Moreover, the differences in the hands UPE between the control subjects and the 

meditation practitioners were not noteworthy. However, significant differences were 

found between the control subjects and the meditation practitioners when comparing their 

head and torso UPE intensities [61-63]. 

Besides meditation, some authors focused on the spontaneous UPE intensity changes 

due to the simple fact of imagining, intention and/or cognition (i.e., brain activity) 

(Table 1) [64-67]. Dotta et al. [65] first showed that during brief intervals, when 

volunteers (n = 8) sat in a dark room and imagined white light, there was a repeatable, 

reliable and very statistically significant increase in the UPE from the right brain 

hemisphere while there was no change in the left hemisphere (Table 1). Later, this 

research group found a quantitative relationship between the deviation from random 

fluctuations in an electronic device and the brain activity’s UPE when comparing 

“imagining” (intention) versus mundane (passive or non-intentional) thinking [66, 67]. 

When imagining, noticeable and reversible photon UPE intensity increased from the right 

hemisphere (Table 1). This was strongly correlated to left prefrontal brain activity [67]. 

Thus, these last discoveries suggest that the subject’s intention modified, at least, the 

brain’s UPE.  



 

Conclusions 

The UPE in humans is mainly due to the metabolic oxidative stress processes that 

cells naturally undergo in the presence of ROS. Nowadays it is accepted that the source 

of external human UPE is human skin. The skin is highly reactive to external stressors 

like UV radiation, which has been proven to influence UPE, but also to internal stressors 

such as a disease or brain activity. For the last two decades, there has been a significant 

increase in the research, and thus, published results, regarding UPE experiments focused 

on its dependence/correlation to diseases or brain activity. According to the revised 

literature, the ailing of some diseases in humans (including diabetes, hemiparesis, 

protoporphyria, or a typical cold) and some traditional Chinese disorders (including 

Spleen-Qi deficiency syndrome), influences the UPE. The influence of cancer on the 

spectral UPE emission has also been explored in mice and in vitro human cells, making 

it another field of enormous interest for future explorations of human cancer´s diagnosis. 

In conclusion, UPE seems to be a natural and promising non-invasive tool for helping 

during the diagnosis of a variety of illnesses. 

In addition, the preliminary results regarding the influence of cerebral 

intention/relaxation (brain activity/meditation) on the human UPE would open new 

research lines. This capability might be useful in the future in the diagnosis of stress- / 

mood-state disorders. For all these reasons, the UPE measurements seems to show and 

provide a great potential for being explored in practice. Nonetheless, further research is 

needed in order to answer some still pending controversial points.  
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