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Introduction
The number of people with diabetes mellitus is increasing 

worldwide, and the area with the greatest potential increase is the Asia-
Pacific region, especially China where diabetes rates are on the rise due 
to over-eating and obesity [1]. Diabetes causes a heavy financial burden 
on patients and national economies. In the United States, the current 
annual medical costs associated with diabetes mellitus are over US$98 
billion, including direct and indirect medical costs and lost productivity 
[2]. In addition, lifetime hypoglycemic therapy and the problem of drug 
tolerance necessitate the search for non-pharmacological alternative 
therapies. There is evidence that an increasing number of people in the 
United States use one or more alternative remedies for the treatment of 
common chronic diseases, such as diabetes mellitus. A previous study 
showed that patients with diabetes mellitus and other common chronic 
medical conditions were more likely to use alternative medicine than 
people in the general population. One of the reasons is inadequacies in 
current treatments for diabetes, which probably led several millions of 
Americans to use alternative medicine for diabetes treatment, despite 
the fact that the safety and efficacy of standard medical treatments were 
proved in limited studies [3]. A recent survey of diabetes educators in 
the western United States found that the most frequently recommended 
and used alternative therapies among diabetic patients included 
nutritional methods, spiritual healing, herbal remedies, massage, 
meditation, physical activity, acupuncture, homeopathy, relaxation 
therapy, and music therapy [4-6]. 

Previous studies have shown that photoluminescence of Bioceramic 
materials (PLB) treatment promote microcirculation in patients [7] and 
the up-regulation of calcium-dependent nitric oxide and calmodulin 
in cell lines [8,9]. We previously demonstrated that PLB treatment 
promotes nitric oxide enhancement through calcium-dependent nitric 
oxide synthetase [8,9]. The PLB treatment demonstrated antioxidant 

effects by increasing hydrogen peroxide scavenging processes in 
RAW264.7 murine macrophages [10], MC3T3-E1 murine calvaria-
derived osteoblast-like cells [11,12], NIH3T3 fibroblasts [13], and 
C2C12 murine myoblasts [14] and other cell and animal experimental 
effects [15-18]. The PLB treatment may contribute to physical, chemical 
and biological properties on different testing specimens, such as water, 
volatile material, weak acid and living cells, as well as enhancement of 
transdermal delivery of different drugs [19-21]. According to a series 
of our human trials by application of BIOCERAMIC material made, 
we found reduced muscle stiffness of neck as well as musculoskeletal 
disorders from extended use of computers and overwork. PLB has a 
tendency to stimulate parasympathetic responses, which may reduce 
pain of dysmenorrhea, resting energy expenditure and improve 
cardiorespiratory recovery following exercise, as well as induce flow-
wave effect on acupuncture points through meridians [22-26]. This study 
presents a series of physical–biological experiments on the material 
based on its characteristics of biological effects of electromagnetic 
non-ionizing radiation [27], nonlinear photonic crystal [28], and 
photoluminescence [29,30]. We study the effects of Bioceramic that 
emits high-performance far-infrared rays, with combined visible 
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Abstract
The rapid rise of diabetes in Asia and Africa is surpassing that of western countries. Diabetes incurs a significant 

financial burden on patients and national economies. Consequently, factors such as a miserable life-long treatment 
of hypoglycemic therapy and the possibility of drug intolerance necessitate a search for non-pharmacological 
alternatives to reduce the requirement of anti-diabetic drugs. Photoluminescence refers to materials that absorb light 
energy and then release that energy in the form of light. In this study, Photoluminescence of Bioceramic Materials 
(PLB) was applied to control hyperglycemia and glycosuria in diabetes from the bench to the clinical bedside 
examination. The PLB treatments resulted in a tendency to promote glucose diffusion into C2C12 cell line and 
show a significant decrease in glycosuria in STZ (streptozotocin) induced diabetic rats. The possible mechanisms 
of the PLB effects on hyperglycemia also correlate with our previous publication and include molecular diffusion, 
calcium dependent nitric oxide, suppression of oxidative stress and autonomous nervous system regulation. In the 
future, PLB may have the role of clinical applications on ameliorating hyperglycemia and improving diabetes-related 
complications.
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light spectrum, under the concept of ‘Photoluminescence effect’. 
We evaluated a new innovative application of PLB treatment as a 
complementary method to control hyperglycemia and glycosuria in 
diabetes patients by using a cell model and an animal model. To our 
knowledge, this is the first non-conventional complementary therapy 
with a focus on ‘Photoluminescence effect’ that shows beneficial effects 
in diabetes.

Materials and Methods
Bioceramic powder

The ceramic powder was obtained from the Department of 
Radiology, Taipei Medical University Hospital (Taipei, Taiwan). The 
Bioceramic material consisted of micro-sized particles produced 
primarily from different natural elemental components. The elemental 
analysis of the Bioceramic powder using electron microscopy 
equipment with electron beam processing on the selected spectrum 
lists: Calcium (Ca), Zirconium (Zr), Sulphur (S), Silicon(Si), Aluminum 
(Al), Magnesium (Mg), Iron (Fe), oxygen (O) and Carbon [20].

Photoluminescence of bioceramic materials (PLB)

Photoluminescence is a special type of luminescence. The term 
photoluminescence refers to any material that absorbs light energy 
and then releases that energy in the form of light, and concerns the 
interaction between electromagnetic radiation and matter. PLB uses a 
visible red-light source of light-emitting diodes (LEDs), which emit a 
wavelength of a visible red light spectrum between 620 and 750 nm. 

The visible red light spectrum has the characteristics of deep optical 
penetration depth [31]. We also strictly controlled the light illumination 
at 450 ± 50 lux, without additional thermal effect on cells, animals and 
human beings. 

Cell culture experiments

The PLB treatment was evaluated using murine myoblast cell line 
(C2C12, (BCRC, Taiwan). The C2C12 cells were cultured in DMEM 
(Dulbecco’s modified Eagle’s medium) containing 10% fetal bovine 
serum at 37°C in 5% CO2 in a humidified incubator. The cells were 
seeded in 12-well plates, and grown for 24 h to 50% confluence. The 
medium was replaced with DMEM containing 10% horse serum to 
allow cell differentiation for 5 days. The medium was replaced with 0.5 
mL MEM (Eagle minimum essential medium) containing 10% serum 
with or without 300 nM insulin. Two groups of control and far-infrared 
ray (FIR) treatment plates were placed in metal containers, and the 
PLB source was placed under the FIR group plates (Figures 1a and 
1b). At 0, 1, 2, 3, 4, and 5 h, 10 µL of the medium was withdrawn, and 
mixed with 1 mL of a Glucose Kit reagent (Randox, UK) for 30 min. 
Absorbance at 500 nm was measured using a spectrophotometric plate 
reader (OD500). The concentration of glucose in the media was directly 
proportional to the absorbance. 

Animal model experiments

Sprague-Dawley rats (180 ± 10 g) were maintained in cages at 23°C 
± 2°C and 60% ± 5% humidity with 12-h light/dark cycling. Solid rat 
food and water were continuously available during the first week to 
allow the rats to adjust to the environment. The animal experiments 
were performed during the subsequent 3 wk period. All procedures 
were conducted in accordance with the ethical guidelines for animal 
experiments established by our institution (IACV CApproval No: LAC-
101-0093). Urine glucose levels were assessed immediately using an 
enzyme assay kit (Randox Laboratories, Antrim, UK), and the STZ-
treated rats were identified as diabetes based on urine glucose levels 
above 2.5 mol/L [32]. Usually, the non-treated diabetic rats were further 
confirmed by a progressive increase in urinary glucose. Non-invasive 
measurement of urinary glucose indirectly indicates the status of 
hyperglycemia (blood glucose>30 ± 2 mmol/L) without the physical or 
psychological damage associated with blood sampling in rats [33]. We 
were using metabolic cages, which were designed to effectively separate 
feces and urine into separate tubes outside the cage. The feces and 
urine collection tubes were made of non-wetting polymethylpentene 
and allowed the fecal pellet or the urine to flow down into separate 
collection tubes. The cages were constructed in such a manner that 
the urine never washes over into the feces tube (Figure 2a) Thus, the 
separation was immediate and complete, with no cross-contamination 
of urine and feces. We also designed an innovative automatic spinning 
platform to collect urine for each sample at 6 hour- intervals. As we 
decide to perform this experiment on different groups of rats in the 
same time, in order to omit the possible unpredicted error due to 
different environmental factors. We used our special design metabolic 
cage equip with autonomic spinning collecting platform (Figure 2b). 
The design is to guarantee the urine collection as frequent as possible, 
so as to decrease proportion of samples lost error that may be drip off 
accidentally. We set the spinning speed at one circle per day. Thus, four 
urine tubes could be collected at about 6 hour-interval. The animals 
were divided into a control group and PLB groups. Ten rats were 
divided into health group (two rats), diabetic non-PLB group (two 
rats) and diabetic PLB group (six rats). Diabetic groups of rats that had 
undergone a 1 wk adjustment period for diabetes induction which were 
fasted for at least 12 hours, and 60 mg/kg streptozotocin (STZ) in a 0.01 

Figure 1: The PLB irradiation procedure used in the cell culture experiments 
(1a: left upper); The PLB irradiation of rats with STZ-induced diabetes in 
metabolic cages (1b: right upper).

Figure 2: A metabolic cage system with fecal pellet or the urine to flow down 
into separate collection tubes (2a, right); An innovative design of our autonomic 
spinning collecting system for urine drop collection, at a speed of one circle per 
day (2b left). Thus, four urine tubes could be collected at about 6 hour-interval.
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M citrate buffer was injected intraperitoneally. An equivalent volume of 
normal saline was used for the peritoneal injection for rats in the health 
group. About 5 days after STZ injection, base on the glucosuria levels, 
diabetic PLB group were subdivided into high glucosuria subgroup 
(two rats) (urine glucose levels above 2.5 mol/L), moderate glucosuria 
subgroup (two rats) (urine glucose levels almost equals to 2.5 mol/L) 
and low glucosuria subgroup (two rats) (urine glucose levels less than 
2.5 mol/L). The diabetic PLB sub-groups received PLB treatment (4 h/d) 
for continuously 5 d in a 1 wk period (Figure 1b). The light sources were 
kept at 10 cm away from the metabolic cage, to maintain a constant 
light illumination without significantly thermal effect on the rats.

Data analysis 
Statistical analyses were performed using SPSS 15.0 software (SPSS 

Inc, Chicago, Ill, USA). We examined the individual variables by using 

means and standard error, exploring group differences by using one-
way ANOVA analysis (Design Expert, Stat-Ease Inc, USA).

Results
PLB treatment increases glucose uptake in cell culture

The analysis of the culture media showed decreases in glucose 
concentration with and without insulin treatment; meanwhile the PLB 
treatment of C2C12 cell culture in both cases show the significantly 
better glucose uptake by cells in comparison with the control groups 
(Figures 3a and 3b). Although only one point (2 h of PLB treatment in 
Figure 3a) shows the significant difference (p-value < 0.05) of measured 
glucose concentration in cell culture containing insulin, most of the 
cell culture without insulin show the significant difference of measured 
glucose concentration after PLB treatment (Figure 3b).

PLB treatment reduces urinary glucose in STZ-induced 
diabetic rats

The autonomic spinning platform for urine collection was running 
smoothly, with urine sample lost proportion less than 3%. It was taken 
about 25 days to finish the samples collection with maximum sample 
number as ‘97’ on each sub-groups diabetic rats. Similar to our initial 
prediction, there was no significant increase of glucosuria in healthy 
group of rats (Figure 4). The diabetes non-PLB group is also progressive 
increase of their glucosuria during the examination. The fluctuation 
range of glucosuria in diabetes non-PLB group was not lower than 
2.6 mol/L (Figure 4). On the contrary, Table 1 and Figure 4 show that 
there are trends of decreased urinary glucose on diabetic rats with 
PLB treatment; it reflects the amelioration of hyperglycemia. Besides, 
the different subgroups of diabetes PLB group demonstrated different 
degrees of amelioration on their glucosuria. Table 1 shows significant 
differences (p-value<0.05) of measured urine glucose between diabetic 
rats without PLB (control group), and with PLB treatment (H, M, and 
L groups). Besides, there are significant differences of measured urine 
glucose between diabetic rats of different degree of glucosuria (H, 
M, and L groups). Base on the results of Table 1, the improvements 
of glucosuria are in descending order as: low glucosuria subgroup > 
moderate glucosuria subgroup > high glucosuria subgroup. 
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Figure 3: The effect of PLB irradiation on the uptake of glucose by differentiated 
C2C12 cells with (a) and without (b) insulin treatment. The concentration of 
glucose in the cell culture medium was assessed by absorbance at 500 nm. 
*p<0.05 when compared with the control.

 
Figure 4: STZ-induced diabetic rats were the highest amount of glucosuria, 
while healthy rats were approach zero of urine sugar. The effect of PLB 
treatment on the urinary glucose levels in STZ-induced diabetic rats (subdivided 
as high (H), moderate (M), and low (L) glucosuria subgroups). The rats received 
PLB treatment for 4 h/d over a 5-d period. Urine glucose levels were assessed 
immediately using an enzyme assay kit (Randox Laboratories, Antrim, UK). 
**p<0.05 when compared with the control.
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Groups (observations) Estimated mean urine glucose Standard error
1-control (n=38)                  2.98 0.052

2-H (PLB) (n=97)              2.43 0.032
3-M (PLB) (n=97)                2.28 0.032
4-L (PLB) (n=97)                 2.11 0.032

5-health (n=62)  0.17 0.040
Treatment Mean difference Standard error P-value

1 vs.  2  0.55 0.061 < 0.0001
1 vs.  3 0.70 0.061 < 0.0001
1 vs.  4 0.87 0.061 < 0.0001
1 vs.  5  2.81 0.066 < 0.0001
2 vs.  3 0.15 0.046 0.0010
2 vs.  4  0.32 0.046 < 0.0001
2 vs.  5  2.26 0.052 < 0.0001
3 vs.  4 0.17 0.046 0.0002
3 vs.  5 2.11 0.052 < 0.0001
4 vs.  5 1.94 0.052 < 0.0001

Note: control is diabetic rats without PLB treatment; H, M, and L groups are high, moderate, and low glucosuria of diabetic rates, respectively with PLB treatment; health 
group is healthy rats. Observation is number of measured urine glucose from two rats in each group within 10 weeks of experimental period. P-value < 0.05 means 
significant difference of comparison of two groups. 

Table 1: Comparision of mean urine glucose (mol/L) of rats with and without PLB treatment.

Hypothesis base on previous publications 
of ‘Photoluminescence of Bioceramic 

Materials’(PLB)
Possible mechanism of PLB to reduce hyperglycemia Reference number

Molecular diffusion
Through weaken the hydrogen bonds between water molecules. Thus, the changes 
in the physical properties of water may promote the diffusion of glucose across cell 

membrane into intracellular space
[19-21]

Calcium dependent nitric oxide enhancement Bioceramic irradiation promotes nitric oxide (NO) enhancement through calcium-
dependent nitric oxide synthetase, which is beneficial for glucose metabolism. [8, 9]

Suppression of oxidative stress
Oxidative stress lead to abnormal changes in intracellular signaling and result 

in chronic inflammation and insulin resistance, and then increase risk of 
hyperglycemia. PLB was proved to suppress oxidative stress.

[10-14]

Autonomous nervous system regulation(ANS)
Since excess stimulation sympathetic nervous system activity is associated with 
hyperglycemia. PLB enhanced parasympathetic nervous system and counteract 
sympathetic nervous system activity, suppose to help ameliorate hyperglycemia

[22-24]

Table 2: Hypothesis and mechanism of PLB’s effect on hyperglycemia.

 
Figure 5: The possible mechanisms of PLB treatment to increase glucose (GLU) transportation from extracellular to intracellular space are include molecular 
diffusion, calcium dependent nitric oxide, suppression of oxidative stress and autonomous nervous system regulation
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Discussion
The PLB treatments resulted in a tendency of promote glucose 

diffusion into C2C12 cell line (Figure 3) and a significant decrease 
of glucosuria in STZ induced diabetic rats (Figure 4). We found that 
moderate or low glucosuria subgroup of diabetic rats, had better 
outcome by using PLB treatment. This finding was also observed in our 
preliminarily unreleased data which showed that patients with fasting 
blood glucose levels below 200 mg/mL had better outcomes by using 
PLB treatment, compared to fasting blood glucose level higher than 200 
mg/mL. The possible mechanisms of the PLB effects on hyperglycemia 
should be combined with the present results and correlated with our 
previous published data [7-26]. They include molecular diffusion, 
calcium dependent nitric oxide, suppression of oxidative stress and 
autonomous nervous system regulation (Table 2 and Figure 5). 

The emission wavelengths of Bioceramic materials can weaken 
the hydrogen bonds between water molecules. Thus, the changes in 
the physical properties of water may promote the diffusion of solutes, 
improving the transport of substances across the cell membrane from 
the blood into cells [19-21]. Therefore, the increased uptake of glucose 
by the cell culture after PLB treatment (Figures 2a and 2b) may be due 
to the increased permeability of glucose through the cell membrane. 
Our previous results found that Bioceramic irradiation promotes 
nitric oxide (NO) enhancement through calcium-dependent nitric 
oxide synthetase [8,9]. By the help of additional visible light spectrum 
on Bioceramic materials, the PLB treatment process would augment 
more calcium-dependent nitric oxide production [8,9]. And, as we 
know, nitric oxide is beneficial for diabetics for glucose metabolism 
[34-36]. It was reported that the large increase in blood glucose 
utilization by skeletal muscle is mediated by the translocation of the 
glucose transporter from an intracellular pool to the sarcolemma of 
skeletal muscle myocytes of rodents [35,36]. Nitric oxide mediates 
glucose uptake into skeletal muscle during exercise by affecting 
glucose transporter translocation. Nitric oxide donors, such as sodium 
nitroprusside (SNP), cause a dose dependent increase in skeletal 
muscle glucose transport [34-36], maintaining the perfusion of the 
myocardium with normal levels of blood glucose. The nitric oxide and 
cyclic guanosine monophosphate system (NO/cGMP) is the insulin-
independent and contraction-independent pathway for stimulating 
muscle glucose transport by increasing cell surface glucose transporter 
protein [36-43]. Nitric Oxide also plays a significant role as a second 
messenger of insulin mediated signals [44]. Thus, PLB irradiation 
to enhanced calcium dependent nitric oxide production is another 
possible mechanism to reduce blood sugar level of hyperglycemia. 
As mentioned before, PLB was proved to suppress oxidative stress by 
hydrogen peroxide [10-14]. Increased production of hydrogen peroxide 
or reduced capacity for hydrogen peroxide elimination, termed 
oxidative stress, can lead to abnormal changes in intracellular signaling. 
Oxidative stress is then causing chronic inflammation of pancreaticβ-
cells, and then dysfunction of the cells is a potential mechanism causing 
impaired glucose-induced insulin secretion. Oxidative stress may also 
be related to insulin resistance, and then increase risk of hyperglycemia 
[45,46]. According to a series of our human trials by using Heart 
Rate Variability (HRV) test, it was found that PLB helps regulate the 
autonomous nervous system and enhance parasympathetic functioning 
[22-24]. In brief, the sympathetic and parasympathetic branches are the 
two components of the Autonomic Nervous System (ANS). Just as the 
sympathetic nervous system controls of the body’s internal organs to 
deal with stress, as in the flight-or-fight response, its counter-balancing 
system-the parasympathetic system- dominates to maintain a condition 
of rest and repair. Stimulation of sympathetic nervous system relates 

to the epinephrine level released from the adrenal medulla, which acts 
to promote release of glucose from glycogen and enhances release of 
fatty acids from adipose tissue, and results in blood sugar elevation. It 
was found that excess stimulation by the sympathetic nervous system 
activity is associated with hyperglycemia or even onset of type II 
diabetes. PLB’s particular effect on the parasympathetic system helps to 
better balance the ANS, and by reducing the activity of the sympathetic 
system, PLB would therefore be useful in modulating hyperglycemia 
[47].  

PLB may have the role of clinical applications on ameliorating 
hyperglycemia and improving diabetes-related complications, 
such as the restoration of normal myocardial perfusion and other 
vascular diseases. In this study, we accomplished using our innovative 
autonomic spinning platform design without disturbing the rats’ major 
physiological conditions. Base on the spirit of “do no harm,” we also 
obtained sample collections without using any invasive blood sample 
collection technique. Compared with the previous similar studies, as far 
as we know, the design of this study has an advantage of collecting large 
number urine samples-an average of 4 urine sample per day from each 
rat. But, as mentioned, this experiment is limited by a small scale of 
cell and animal number. The study is also limited by difficulty to show 
a curve of ameliorative effects on hyperglycemia after PLB treatment. 
The fact remains that the average urine glucose change is significantly 
decreased on each diabetic subgroups after PLB treatment. Since urine 
glucose is passively reflected in actual blood sugar levels, we found the 
urine glucose change is not always synchronous on the same group or 
subgroup of rats. Thus, we cannot show a precise timing curve of glucose-
lowering effect of PLB from our results. We hope that the stepping up 
investigations may help us to explore more precise mechanism of PLB 
on hyperglycemia and collect more clinical data and experiences. This 
study is also constricted by lacking interchangeable method to receive 
the minimal required exposure time and PLB intensity, to obtain an 
equivalent biological effect on cells, animal, and human patients. Since 
there are differences among the above models, the total cell/body 
surface area, skin thickness and other different factors of in-vitro and 
in-vivo environments, further fundamental researches on physical-
biological factors are required. Before this promising non-invasive 
and non-ionized radiation method of PLB treatment can become a 
mainstream medical application, different fields of cooperation are 
required. To achieve better therapeutic results, future studies of PLB 
devices should provide higher levels of irradiation over larger surface 
areas, for longer exposure periods. 
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