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Introduction
The application of biophotonics therapy has often been cited as an 

effective adjunct in the treatment of infectious diseases of viral and 
microbial origin for much of the past century.1–3 More recently, Tulp 
et al and Miley demonstrated that biopotonics exposure in human 
subjects resulted in an apparent photodissociation of oxygen from 
oxyhemoglobin within 2 hours of UV exposure, thereby improving 
blood pO2 delivery to peripheral tissues.4,5 In the recent studies 
cited, a significant decrease in HbA1c was noted 120 minutes after 
biphotonic treatment was completed in the human subjects. The 
clinical improvements in SpO2 persisted for up to 30 days post-
biphotonic treatment in Miley’s studies. In studies in the diabetic db/db 
mouse model of obesity and NIDDM, improvements in carbohydrate 
metabolism, glycogen synthesis, and in ATP synthesis in skeletal 
muscle were observed following biophotonic exposure.6 Thus, these 
results when considered together, generate speculation that controlled 
low dosage biophotonic exposure to selected wavelengths of UV light 
could be an effective adjunct in wound healing processes and in the 
clinical management of NIDDM/T2DM. Peripheral oxygen delivery 
and availability is an important contributor to wound healing and 
other physiologic and metabolic processes and may become decreased 
in magnitude as HbA1c levels increase also with progressive 
derangements in blood glucose control in NIDDM/T2DM, and the 
glycemic derangements may become reversible following timely 
photon excitation.7–9

The contributions of glucocorticoid actions on insulin-
stimulated formation and intracellular cytoplasmic translocation of 
GLUT4 transporters from the endoplasmic reticulum to the plasma 
membrane has been well documented.10–19 When the regulation of the 
transporters become disrupted due to glucocorticoids or other factors, 
the typical physiologic response is contributory to an increase in 

insulin secretion in an apparent physiologic attempt to overcome the 
impediment in glucose transporter actions to support efficient glucose 
oxidation.15 The metabolic cascade of events which likely follow 
contributes to the progressive development of insulin resistance 
along with its pathophysiologic sequelae in cells and tissues. Thus, 
the pathophysiologic influences on skeletal muscle, adipose tissue 
depots and other tissues may further exaggerate the impact of hyper 
insulinemia and insulin resistance. These adverse pathophysiologic 
influences may extend to additional tissues including skeletal muscle, 
brain and others that are also dependent on molecular glucose for 
oxidative metabolism.12,15,19 Therefore, pharmacologic or physiologic 
measures that improve the efficacy and activity of GLUT4 
transporters, in addition to the effects of cellular 2,3 DPG and oxygen 
delivery to peripheral tissues would seem to be an effective strategy 
to restore GLUT4 transporter functions, permit the restoration of 
endoplasmic reticulum synthesis and intracellular translocation to the 
plasma membranes, improve cellular glucose uptake and oxidation, 
and thus diminish the overall magnitude of insulin resistance in the 
various tissues of the obese phenotype of this and other genetically 
obese rat strains and in humans with NIDDM.5Insulin is known to 
impact multiple aspects of energy metabolism and storage, including 
lipogenesis, activation of pre-adipocytes, and substrate oxidative 
processes, all of which may serve as primary or secondary factors that 
can contribute to caloric efficiency, excess energy storage in adipose 
tissue depots and metabolic events in other tissues, including hepatic 
fatty acid and glycogen synthesis and storage.6,7,10–21.

In several studies, db/db mice from the Charles River laboratories 
were used to model phase 1 to phase 3 of type II diabetes and obesity.6 
Mice that are homozygous for the diabetes spontaneous mutation 
(Leprdb) demonstrate morbid obesity, chronic hyperglycemia, 
progressive deterioration, andpancreatic beta cell atrophy and become 
hypoinsulinemic. Affected db/db mice are polyphagic, polydipsic, and 
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Abstract

Since antiquity, humans have sought the healing powers of sunshine to resolve many 
illnesses and restore a sensation of health and wellness. In recent publications, it has been 
reported that biophotonic treatment resulted in improvements in hemoglobin A1c and SpO2 
concentrations in human subjects. In an animal study in which biophotonic treatment was 
applied to skeletal muscle in two models of Type 2 diabetes (NIDDM/T2DM), biophotonic 
treatment resulted in normalization of fasting and response plasma glucose concentrations 
and in an improvement in glycogen synthesis in skeletal muscle, likely secondary at least 
in part to improved GLUT4 actions and insulin sensitivity resulting in improved peripheral 
glucose uptake and oxidation and by increases in ATP generation in skeletal muscle. 
Because the biochemical mechanisms of carbohydrate metabolism and their contributions 
to the development of NIDDM are similar in both humans and in the animal models studied, 
the question arises as to whether biophotonic therapy might undergo consideration as an 
adjunct in the treatment of hyperglycemia, elevated HbA1c, peripheral oxygen delivery 
and wound healing in clinical management of NIDDM/T2DM. Biophotonic therapies have 
been widely used in the treatment of various infectious diseases and as an adjunct in anti-
aging medicine, but the observations on parameters of intermediary metabolism in humans 
and animal models of NIDDM/T2DM reflect new findings believed to be of significant 
importance if applied to the clinical management of obesity, NIDDM and impaired 
glycemic states in humans.
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polyuric throughout most or all of their adolescence and adulthood.6 
The authors reported that the onset of obesity began at three to 
four weeks of age in this as in other animal strains where NIDDM 
develops.9,20 The BKS background in db/db mice brings about an 
uncontrolled rise in blood glucose concentrations, severe depletion 
of insulin-producing beta-cells of the pancreatic islets, peripheral 
neuropathy, myocardial disease and early death typically by ten 
months of age.6 Exogenous insulin deficiency results in progressive 
loss of control of blood glucose levels, while gluconeogenic enzyme 
activity increased. Metabolic efficiency and fat accretion may become 
increased during early life and adolescence in obese-NIDDM models, 
while wound healing processes became delayed.6,20–22 In other 
studies, adrenal ablation resulted in improvements in glycemic and 
thermogenic parameters, implicating a contributory counter regulatory 
role of glucocorticoid hormones and insulin sensitivity in the 
progression of insulin resistance and in the metabolic derangements 
and expression of nonshivering thermogenesis.10,19,23 Glucocorticoid 
hormones impair the biosynthesis and intracellular translocation of 
GLUT4 glucose transporters in muscle and adipose tissues, thereby 
contributing to a deterioration in the insulin-dependent process 
of glucose uptake and in diminished insulin sensitivity, resulting 
in hyperglycemia and increases in hemoglobin glycation that are 
proportional to the magnitude of hyperglycemia.12,15–17 Because the 
glycated hemoglobin process is a glucose dependent, non-enzymatic 
process, the resulting glycation persists proportional to mean glucose 
concentrations throughout the remaining lifespan of the erythrocytes. 
Hemoglobin glycation impacts on 2,3 DPG actions and results in 
less efficient transport and release of oxygen in peripheral tissues, 
thereby contributing to the impairments in the oxygen dependent 
molecular processes implicated in tissue viability and wound healing 
processes.5,8,9 Thus, the db/db strain represents a useful and cost-
effective animal model to investigate developmental and hormonal 
parameters that occur in the presence of impaired glycemic control 
and early onset obesity and is bolstered by the clinical observations of 
improved SpO2 and HbA1c in human subjects following biophotonic 
therapy. Humans have long sought the healing powers of sunshine 
exposure for numerous maladies throughout much of recorded 
history, reflecting the ultimate ancient origins of modern photonic 
therapy.2,24–28,30 

Methods
Investigation and targeted review of published resources using 

the key words identified above, in concert with observation from the 
authors clinical laboratory were utilized in developing this editorial 
perspective. For the UV exposure in human subjects,whole blood 
UV treatment was administered, in a group of healthy subjects with 
follow-up for up to 120 minutes to one month following completion 
of the procedure as described previously.4,5 All subjects signed 
consent prior to the study. Typical procedures are performed on 60 
ml of a patients freshly heparinized blood, diluted with physiologic 
saline, followed by passage thru a biophotonic exposure apparatus 
(Azura GHL biophotonic apparatus, consists of a sterile 12 inch 
quartz mixing chamber with 2 UV-A and 2 UV-Clight sources with 
stated luminescence of 3.5 W/cm2 (GE 214-UV light allowing quartz 
tubes, Quartz Tubes, Grand Lodge MI) where the blood-saline 
mixture becomes illuminated treated during transit.4,5 The design of 
the cuvette was such to ensure that all the blood passing thru would 
receive the same Quanta of UV exposure, regardless of if it was near 
the periphery or central canal region of the cuvette. Venous blood 
was obtained for HbA1c and SpO2 analysis before and exactly two 
hours after completion of the procedure. HbA1c was determined via 
affinity chromatography and SpO2 via a pulse oximeter (Pulse MD, 
Oxilyte Corp). Data were analyzed via Students ‘t’ test for paired 

comparisons since each subject acted as their own control.5,28,30 The 
study was approved by the Institutional Human Subjects Committee 
and satisfied the Helsinki specifications for human subjects.4,5

Results
Miley was among the first to unequivocally document the effects of 

biophotonic treatment of peripheral blood oxygen saturation in a large 
group of human subjects over a prolonged duration.4 In his studies, he 
applied the UV at 260 nm wavelength for < 30 minutes and recorded 
blood SpO2 periodically for up to one month or more following the 
treatments. A summary of his findings is depicted in Figure 1 below 
and indicates that SpO2 became elevated to near 100% saturation 
within minutes of UV exposure and remained higher for at least 30 
days or more following treatment. 

Figure 1 Effect of bio photonic treatment on SpO2 from 10 minutes to one 
month post treatment. The percentage decrease in SpO2 over 10 minutes 
to 30 days is depicted. Data are mean ± 1 SEM, n=97 subjects per treatment 
group. Data are extrapolated from Miley4 and Tulp et al.5

Figure 2 Effects of biophotonic treatment on HbA1c and SpO2 percentages 
120 minutes post-treatment. Data are mean ± 1 SEM, n=8 subjects. * P = < 
0.05 (pre vs post). [Adapted from4,5]

The effects of biophotonic treatment on Hemoglobin A1C prior 
to and 120 minutes post treatment are depicted in Figure 2 and 
indicate that the mean HbA1c prior to treatment in a small group 
of eight subjects averaged 6.25 %, with a range of 5.2 to 7.5 %. In 
bloods obtained 120 minutes post treatment, HbA1c concentrations 
decreased by over 5%, to a mean of 6.0 % with a range from 5% to 
7%. The percent increase in SpO2 is depicted in the far-right column 
and indicates that blood SpO2 increased by 5.3% at the two-hour 
mark, consistent with the observations of Miley on a larger group of 
subjects (97 vs 8 subjects). Thus, the observations of bio photonic 
treatment of blood oxygen saturation appear to be consistent and may 
persist for one month or longer following treatment. 

The effects of biophotonic treatment on several metabolic 
parameters in blood and skeletal muscleare summarized in Tables 1 & 
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2, respectively. In Table 1, fasting glucose and the glycemic responses 
to a standard glucose tolerance are summarized, and indicate that 
hyperglycemia and an increased Area under the Glucose curve (AUC) 
occurred in both the normally fed and the high-fat fed models of the 
db/db mice. Plasma insulin responses were also elevated in the db/db 
animals. Bio photonics treatment resulted in a normalization of both 
glycemic and insulin responses in both dietary treatments in the db/
db mice. 

In Table 2, metabolic and tissue parameters are summarized take 

from skeletal muscle preparations in the same animals depicted in 
Table 1 are shown. Insulin stimulated glucose uptake was decreased in 
the db/db animals and was restored in both dietary models following 
the bio photonic treatment. The patterns of tissue triglyceride and 
tissue reactive oxygen species (ROS) content followed a similar 
pattern to the patterns of glucose uptake, reflective of the differences 
in glucose oxidation. Measures of tissue glycogen, Coenzyme Q and 
ATP content were reflective of measures of insulin stimulated glucose 
uptake in all dietary groups of mice before and after the bio photonics 
treatment. 

Table 1 Effects of photonic treatment on blood glycemic parameters in diabetic mouse models

Treatment group Parameters    
Fasting Glucose OGT OGT AUC IGT IGT AUC

WT CONTROL Normal Normal Normal Normal Normal
D- db/db Increased Increased Increased Increased Increased
D- db/db+Photonics Decreased* Decreased* Decreased* Decreased* Decreased*
D- High Fat Diet Increased Increased Increased Increased Increased
DHFD+Photonics Decreased* Decreased* Decreased * Decreased* Decreased*

Data are extrapolated from Gong et al; N=7-8 mice per treatment groups. Fasting Glucose concentrations and glycemic responses were determined over a 
course of 10 weeks. WT, wild type; D-db.db = db/db mouse strain; OGT, oral glucose tolerance; IGT, Insulin Response to OGT; AUC, area under the glucose OGT 
or IGT curve; DHFD, Diabetogenic High fat diet. *, p=< 0.05 to 0.01. Extrapolated from6.

Table 2 Effects of photonic treatment on metabolic parameters in skeletal muscle in diabetic mice

Treatment group Parameters     
I+Glc uptake TG Content ROS Glycogen CoQ* ATP

WT CONTROL Normal Normal Normal Normal Normal Normal
D- db/db Decreased Increased Decreased Decreased Decreased Decreased
D-db/db+Photonics Increased* Decreased* Increased Increased* Increased* Increased*
D-High Fat Diet Decreased Increased Decreased Decreased Decreased Decreased
DHFD+Photonics Increased* Decreased* Increased Increased * Increased* Increased*

Data are extrapolated from Gong et al; N-4-7 mice per treatment group. Fasting Glucose concentrations and glycemic responses were determined over a 
course of 10 weeks; WT, wild type non-diabetic control; D-db/db, db/db T2DM mouse strain; DHFD, Diabetogenic High Fat Diet; *, p=< 0.05 to 0.01; I+Glc uptake 
is insulin-stimulated glucose uptake; I+Glc ,insulin stimulated glucose uptake; TG ,triglyceride; ROS reactive oxygen species; CoQ ,Coenzyme Q complex; ATP 
,Adenosine TriPhosphate; Effects of Insulin and PBMT Photonics on TG, Extrapolated from6; uptake is dose related and were found to be additive; *, Changes 
were unique to CoQ; complexes I, II, III and complex V was unaffected by photonics treatment.

The effects of pO2 on oxyhemoglobin oxygen saturation in whole 
blood are depicted in Figure 3, including the biochemic responses 
to both the Haldane and Bohr effects. The Haldane effects typically 
move the saturation curve to the left, in closer proximity to tissue 
myoglobin responses, while the Bohr effects results in a rightward 
shift in the oxygen saturation curve. In contrast, virtually complete 
tissue myoglobin saturation readily occurs at pO2 concentrations 

of 10 mm of Hg or less. Biophotonic treatment increased 2,3 DPG 
binding, thereby facilitating the release and diffusion of oxygen to 
its tissue myoglobin partner and increasing tissue oxygen availability 
for cellular oxidative processes. The oxidative process is further 
enhanced by increasing the formation and intracellular translocation 
of GLUT4 glucose transporters and improving glucose uptake in 
peripheral tissues including skeletal muscle and adipose tissue.7-9, 30,31

Figure 3 Effects of pH, 2,3-DPG, CO2, Temperature and Biphotonic (BioP) effects on the hemoglobin oxygen saturation curve. DPG = 2,3 diphosphoglycerate; 
BioP = biophotonics.Modified from.4,7-9,30,31
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Discussion
The physiologic absorption of Quanta of photons derived from light 

is deemed a prerequisite for multiple aspects of mammalian health, 
and as such, humans have always instinctively sought daylight for 
many sorts of illnesses including infectious illnesses, wound healing 
and other maladies.1-3,24-28 Of note, UV light irradiation following 
sunlight exposure has empirically been considered nature’s natural 
cure-all for many kinds of infectious illnesses for many generations 
of human kind.4,5 Among the oldest references to the benefits of sun 
therapy were reported on or before 1500 B.C.2,3Although the molecular 
mechanisms of these photon-mediated, light-derived effects have 
generally often remained unknown, unconfirmed, or speculative at 
best, emerging findings now point to a dose related nuclear disruptive 
element that impedes further local replication of the infectious agent 
combined with enhancement of immune responses in the UV or 
sunlight-exposed host.5,6 According to the laws of photobiology, light 
absorption requires the presence of a specific photo-acceptor molecule 
or complex that after photonic excitation could induce or enable 
the downstream activation of biochemical or physiologic signaling 
pathways to bring about its desired healthful or other responses.6,7,36 
The blood protein hemoglobin (Hb) is recognized to be an efficient 
light absorbing photochemical capable of absorbing photons due to its 
unique electronic configurations which enable it to undergo reversible 
taut vs relaxed states, and accommodate the efficient transport and 
release of life-giving oxygen to peripheral tissues. In addition photon 
application also contributions to elements of blood gas transport, 
buffering capacity, uptake of 2,3 deoxy diphosphoglycerate (2,3 DPG) 
and other critical biologic functions.8,9,10 In addition, the molecular 
structures of the light absorbing amino acids of cells and tissues 
makes a further contribution to the efficacy of biophonic treatment. 
The duration of the photo dissociation effect remains unclear but 
appears to persist for at least a month or longer following therapeutic 
biophotonic exposure.5,6,36

Because the biophysiologic or molecular mechanism through which 
biostimulation may deliver its beneficial effects remains speculative, 
confirmation of the specific molecular targets and subsequent events 
is unclear. However, the process is dependent on the presence of 
potential light absorbing elements such as hemoglobin or aromatic 
structures in the peripheral tissues. Tryptophan, a common amino acid 
residue to most proteins including the beta chain of hemoglobin, has 
an absorption band in the 260-290 nm range that can be reached via 
photonic excitation.31-33,36 Excitation of tryptophan produces a broad 
fluorescence centered at 340 nm that extends from 310 to 370 nm, 
similar to that of tyrosine. Fluorescence from RBCs is centered near 
480nm, however, beyond the tryptophan or tyrosine excitable range. 
While it is possible that tryptophan and/or tyrosine could be excited 
by the photonic laser, little or no fluorescence would likely become 
detected given the 310 to 370nm spectra for aromatic amino acids. The 
fluorescence lifetime reported for tryptophan in proteins shows a small 
amplitude ~0.2 for the 0.5ns component and the two equally weighted 
major components with ~2ns and ~5ns lifetime, respectively.30–33 The 
difference in emission wavelength and fluorescence lifetime between 
tryptophan and blood components allows us to rule out tryptophan as 
the primary but not a secondary source of the 480 nm or broader RBC 
UV signal.31,36 

In cases of NIDDM in humans and other mammalian species, 
significant impairments in glycemic control and management 
including immune responses develop early in the course of the disease 
and continue indefinitely thereafter.9 These metabolic excursions result 
in alterations in HbA1c levels in peripheral blood, impaired oxygen 
delivery to peripheral tissues, increases in inflammatory ROS, renal 

and cardiovascular disorders, delays in wound healing among other 
pathophysiologic contributions to cardiovascular, renal and neurologic 
disorders. In animal studies, chronic hyper insulinemia resulted in 
brain shrinkage and decreased brain DNA content, and impaired nerve 
conduction velocity, likely a result of chronic neuro inflammatory 
responses, and are likely contributory to the multiple neurologic 
symptoms that occur during the pathophysiologic progression of 
NIDDM in humans.20,34,35 Thus, any amelioration of the chronic 
hyperinsulinemia may be presumed to slow the development and 
progression of the pathophysiologic stigmata of NIDDM. The atypical 
2,3 DPG and impaired oxygen displacement that accompanies the 
HbA1c elevations remains a clinical feature of NIDDM and is a well-
established diagnostic marker to monitor diabetes management. Thus, 
therapeutic measures to improve mean blood glucose concentrations 
as an approach to lower HbA1c concentrations are a major objective 
of diabetes management and long-term glucose control.8,9 

In the Type 2 db/db diabetic mouse model, biophotonic treatment 
of skeletal muscle, a major site of insulin resistance in man and 
diabetic animal models, restored glycemic responses to an oral 
glucose tolerance, including insulinogenic responses. Skeletal tissue 
analysis following biophotonic treatment revealed improved insulin 
sensitivity, ROS generation and recovery of impaired ATP and 
glycogen content, suggesting that the effectiveness of biophotonic 
therapy extends beyond the previously observed responses in both 
SpO2 and HbA1c in peripheral blood,implicating intracellular events 
that modulate elements of glucose uptake and metabolism.6  While 
measures of GLUT4 transporters were not reported in those studies, 
application of conventional, established biochemical principles 
suggest improved availability and activity of GLUT4 transporters to 
have contributed to the improvements in insulin sensitivity,glucose 
tolerance,glucose oxidation, and downstream biochemical events 
that contribute to energy metabolism and storage. Regardless of the 
molecular events implicated, the biophotonic exposure improved 
multiple aspects of substrate metabolism at the molecular level in 
skeletal muscle, a major locus of insulin resistance in NIDDM in man 
and animals.  

Summary and Conclusions
The observation of biophotonics treatment as an effective, non-

pharmacologic cost-effective measure to lower HbA1c is a new 
observation and if applied to a broader population of NIDDM 
patients, could result in improved oxygenation of peripheral tissues, 
improved wound healing, and amelioration of the pathophysiologic 
sequelae of diabetes. Its potential application is supported by clinical 
and biochemical findings in both humans and animal models of 
NIDDM. Thus, Photon therapy, via controlled, low dose biophotonics 
applications at specific, controlled wavelengths and durations, 
regardless of the biochemical mechanisms involved, represents an 
emerging, cost-effective theoretical option in the treatment of obesity, 
NIDDM and glucose intolerant conditions reminiscent of its ancient 
origins of early humanity. 
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