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Abstract

Background: The increasing worldwide incidence of depression causes massive economic losses to the coun-
try and society. Insufficient sun exposure aggravates depressive symptoms in patients with depression. Preven-
tive light replenishment is provided to patients with depression and the potential population. In addition, we
studied the applicable spectrum, which is crucial in the prevention of depression.

Methods: Forty depressed male rats were randomly divided into five groups of 8 rats each: depressive model,
microwave sulfur lamp, halogen lamp, fluorescent lamp, and LED lamp groups. Rats in the illuminated groups
were exposed to light for 45 days for 2 h daily. Eight healthy rats were selected for the control group. The body
weight and general behaviors of rats were recorded. After the experiment, peripheral blood was collected from
the tail vein, and the concentrations of MT, 5-HT, NA, and BDNF in serum were detected by ELISA.

Results: After the model was established, the body weight of rats in the depressive model group increased
slowly. Compared with those of the control group, the results of the three behavioral tests were significantly
different (P<0.05); the contents of MT, 5-HT, NA, and BDNF were relatively low (P<0.05). In addition, de-
pression characteristics were significant. Rats regained their pleasant sensation after microwave sulfur lamp
intervention. Compared with the rats in the depressive model group, the levels of MT, 5-HT, NA, and BDNF
increased sharply.

Conclusion: The spectral energy distribution of microwave sulfur lamp is similar to the solar spectrum, which
can alleviate depressive symptoms in depressed rats.
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Introduction

Depression is a typical mental disorder that seri- age of 240 000 people committing suicide each

ously affects public health and causes massive
social losses. At present, the incidence of depres-
sion wotldwide is about 11%, making it the
fourth major disease globally. By 2020, depres-
sion is expected to become the world’s second
most common disease, following coronary heart
disease (1). More than 26 million people suffer
from depressive disorder in China, with an aver-
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year because of depression. The total economic
burden caused by depression reached 62.2 billion
CNY. For a long time, patients with depression
have been predominantly drug treated. Professor
Holsboer, the director of the Max Planck Insti-
tute for Psychiatry, argued that decades of clinical
drug treatment yield side effects, and the results
are frustrating (2). Either major depressive disor-
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der (3) or seasonal affective disorder, which are
subtypes of depression (4-5), aggravates symp-
toms owing to limited solar environment. Ac-
cording to one of the most important hypotheses
to treat depression by using single or combined
phototherapy, the level of melatonin in the body
by supplementary light affects the biological
rhythm and relieves symptoms (6-9). In 2010, the
revised Guidelines for the Treatment of De-
pressed Patients (Third Edition) by the American
Psychiatric Association included phototherapy in
the therapeutic regimen (10).

Human biological clock system features photore-
ception, and abnormal night light inhibits the se-
cretion of melatonin (11). Subsequently, depres-
sion can be treated by artificial light (12). The
third type of photoreceptor cell, ipRGCs was re-
ported in the USA (13). Visible radiation partici-
pates in the regulation and control of human vital
sign changes, such as hormone secretion and ex-
citement degree, by ipRGCs, which affect human
physiology and psychology. Rosenthal et al
proved that light can effectively alleviate the de-
pressive symptoms of patients with depression
(14).

Compared with traditional drug treatment, pho-
totherapy presents good economic performance
and no anticholinergic side effects. Phototherapy
after onset is inappropriate; they also stated that
protective phototherapy is an effective method
(15). The antidepressant effect of phototherapy is
related to lighting parameters, such as spectrum,
light intensity, and duration. At present, numer-
ous light treatments for depression are available,
with intensity ranging from 100 lux to 10000 lux.
In terms of spectrum, treatments can involve the
monochromatic spectra, including red and blue
light, with wavelength ranging from 470 nm to
670 nm, which includes the composite spectrum
of white light. Either monochromatic spectrum
or composite spectrum of white light featured by
high illuminance is common in clinical treatment
and the effects after lighting is varied (16-18).
Few reports are available on the protective pho-
totherapy indoor properties. Additional studies
have focused on the relaxation effect of different
light intensities on depression. The exact effects
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of phototherapy with different spectral energy
distribution on depression treatment will be ex-
plored (19).

The theoretical basis of the depressive rat model
of chronic unpredictable mild stress (CUMS) is
close to that of human depression. Thus, the
model can be adopted to simulate core symp-
toms, such as lack of pleasant sensation, decline
in sporting and social skills, and decline in the
capability of exploratory behavior.

To study the effects of supplementary illumina-
tion with different spectral energy distributions
on human depression, we established a CUMS
depressive rat model in the experiment (cultured
by the Neuroscience Research Center of Chong-
qing Medical University). A total of four indoor
artificial light spectra were selected for light inter-
ference. The halogen lamp features a continuous
spectrum and long-wave radiation. The florescent
lamp and LED lamp feature discontinuous spec-
trum with energy mainly concentrated on blue—
green light. The full-spectrum microwave sulfur
lamp features a continuous spectrum and closely
simulates the solar spectrum. The effects of arti-
ficial illumination with different spectral energy
distributions on physiological behavior and hor-
mone concentrations in vivo of depressed rats
were observed.

Materials and Methods

Animals

A total of 48 adult male Sprague—Dawley rats
with body weights ranging from 230 g to 270 g
(Experimental Animal Center of Chongqing
Medical University, production license number:
SGKK [Yu] 2005-0001 were included in the ex-
periment. The study was approved by Ethics
Committee of Chongging Medical University and
was conducted according to the declaration of
Helsinki.

The feeding conditions complied with the follow-
ing relevant requirements of GB14925-2010 “la-
boratory animal environment and facilities”: Spe-
cific Pathogen Free(SPF)-shielded ambient tem-
perature between 20 °C and 25 °C, and relative
humidity between 50% and 70%, and artificial
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circadian rhythm of 12 h (08:00 to 20:00). Rats
were housed separately in cages and were free to
take food and drink water.

Reagents and instruments

The instruments used in the experiment were as
follows: SPF-graded rat feed for the maintenance
period; analysis system of animal behavior; spon-
taneous activity-based video analysis system; elec-
tronic scales; camera; microcomputer —time
switch; ELISA kit (Shanghai Jimian Biotechnolo-
gy Co., Ltd.); vacuum coagulating blood collec-
tion tube (Shanghai Kehua Testing Medical
Products Co., Ltd.); Konica CL-500A spectrora-
diometer; PSHO731B plasma microwave sulfur
lamp by LG (peak value: 510 nm; illuminance:
3000 lux; color temperature: 6900 K; horizontal
uniformity: 0.82); Fluorescent lamp (peak value:
550 nm; illuminance: 3000 lux; color temperature:
6500 K; horizontal uniformity: 0.84); LED lamp
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(peak value: 450 nm; illuminance: 3000 lux; color
temperature: 6500 K; horizontal uniformity:
0.80); Halogen lamp (illuminance: 1100 lux; color
temperature: 2466 K; horizontal uniformity:
0.76). The experimental site and the relative spec-
tral energy distribution of the illumination groups
are shown in Fig. 1 and 2.

Fig. 1: Experimental lamps and scene
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Fig. 2: Relevant spectral energy distributions of four artificial light sources
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Methods

Establishment of the CUMS depressed rat
model

After 1 week of adaptive feed, 48 laboratory rats
were subjected to open-field (horizontal move-
ment score + vertical movement score), forced
swimming (dead time), and sucrose preference
tests (24-h sucrose preference). Afterward, the
experimental data were recorded. Then, 8 rats
were randomly selected and included in the con-
trol group (without any stress), whereas the re-
maining 40 rats were randomly divided into five
groups with 8 rats in each group. The five treat-
ment groups include depressive model (without
light treatment), microwave sulfur, halogen, fluo-
rescent, and LED lamp groups. Afterward, the
rats were subjected to a total of 10 unpredictable
mild stress: water deprivation, feeding with am-
brosia, swimming in icy water, day and night re-
versal, tail clipping, electrophotoluminescence,
45° tilting of the rat cage, horizontal vibration,
overexposure to the sun's rays, and wet padding.
Stress treatment lasted for 35 days, with each
stress applied for 3 times to 4 times, and the gen-
eral behavioral observation and recording were
performed simultaneously. After 35 days, open-
field, forced swimming, and sucrose preference
tests were performed again. Compared with the
rats in the control group, the five rat groups dis-
played significant difference (P<0.05), indicating
the successful modeling of the depressed rats.

Illumination experiment

During 12:00 to 14:00 daily, rats in the micro-
wave sulfur, fluorescent, LED, and halogen lamp
groups were placed in lighted environments with
different spectra, and rats in the depressive model
group remained untreated. General behavior of
rats was observed and recorded daily. For 45
consecutive days, room temperature was between
24 °C and 26 °C, and the relative humidity was
between 65% and 66%.

Test of hormone and neurotransmitter in the
serum

After the illumination experiment was completed,
peripheral blood was collected from the tail vein
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of rats, and the liquid supernatant was collected
after centrifugation. Liquid supernatants were
placed in a —80 °C low-temperature refrigerator.
Through ELISA, serotonin (5-HT), melatonin
(MT), norepinephrine (NA), and brain-derived
neurotrophic factor (BDNF) concentrations in
the serum were obtained and tested by Shanghai
Jimian Biotechnology Co., Ltd. and transported
in dry ice.

Statistical treatment

Experimental data were analyzed by SPSS 22.0 sta-
tistical software (Chicago, IL, USA). Data were pre-
sented as mean*SD. The tests show that the data
of each group is subject to normal distribution, with
homogeneity of variance. One-way ANOVA (20)
was adopted for analysis, and SNK-q test was used
for pair-wise comparisons. Statistical significance
was determined with P value of <0.05.

Results

Growing Condition

After modeling, rats in the depressive model
group were limited in terms of food ration. The
rats showed low spirits and slow response. In
addition, the times of grooming were reduced,
with slow growth of body weight relative to the
control group. After supplementary illumination,
the rats in the microwave sulfur lamp group dis-
played significant differences in body weight
(P=0.029) compared with rats in the depressive
model group, whereas rats in the control group
did not display significant difference in body
weight. Rats in other illumination groups dis-
played significant differences from the rats in the
control group (Table 1).

Results of behavioristics experiment

After modeling, the rats in the remaining groups
displayed significant differences compared with
the control group in terms of scores in the open-
field experiment, sucrose preference, and dead
time of forced swimming; these differences indi-
cated successful modeling. After lighting, three
sets of data of rats in the illumination groups
showed increases.
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Table 1: Body weights of rats in each group before stress, after stress, and after light illumination (mean®SD; n=8)

Group Before stress 35 days after stress 45 days after light
Control 268.67£7.51 303.50£36.06 422.12£20.73
Depressive model 248.59£51.92 275.81£38.66 311.00£23.36%
Microwave sulfur lamp 271.13%£63.73 277.57£39.48 362.33%57.00
Halogen lamp 264.38+65.58 285.00£53.65 323.87£43.52#
Fluorescent lamp 237.29%47.29 260.43£28.26 354.40£29.07#
LED lamp 232.25144.15 267.63+45.32 331.83+£34.97#

Note: #P<0.05 vs control group ; *P<0.05 vs depressive model group

Among the groups, the LED lamp group rats
showed significant differences (P=0.031) com-
pared with those in the depressive model group
in terms of sucrose preference. However, the
same group did not display significant difference
compared with the control group. Rats in the mi-

crowave sulfur lamp group showed significant
differences in three data sets (P=0.028; P=0.040;
P=0.001) compared with the rats in the depres-
sive model group but did not show significant
difference from the control group (Table 2-4).

Table 2: Data on rats in each group before stress application, after stress application, and after light illumination in
the open-field tests (mean®SD. n=8)

Group Number of crossings

Before stress After stress After lighting
Control 128.43121.67 125.50£19.76 123.50£20.92
Depressive model 119.37£24.15 55.37127.49% 49.331+28.01#
Microwave sulfur lamp 124.371+16.44 57.25+32.64% 98.80£19.01"
Halogen lamp 136.50£19.60 46.87148.01% 70.12143.34#
Fluorescent lamp 132.62%22.02 55.00£34.59# 73.40142.79
LED lamp 120.71£12.02 44.12147.60% 70.00£45.41#

Note: #P<0.05 vs control group ; *P<0.05 vs depressive model group

Table 3: Data on rats in each group before stress application, after stress application, and after light illumination in
the sucrose preference tests (mean+SD. n=8)

Group Percentage of sucrose consumption (%)

Before stress After stress After light
Control 94.8912.31 95.39%2.56 96.521+3.47
Depressive model 95.57+2.51 80.61%7.02# 80.26%6.31#
Microwave sulfur lamp 95.81%+1.86 78.00%£6.16% 92.25%5.80"
Halogen lamp 93.29+5.77 76.25+15.63# 86.21+4.75#
Fluorescent lamp 95.98%1.60 74.71£9.84# 87.291+9.69#
LED lamp 94.39+3.27 76.00£9.61# 93.19+1.43"

Note: #P<(.05 vs control group ; *P<0.05 vs depressive model group
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Table 4: Data on rats in each group before stress application, after stress application, and after light illumination in
the forced swimming tests (mean*SD. n=8)

Group Immobility times(s)

Before stress After stress After light
Control 6.2814.42 5.8714.64 7.3517.84
Depressive model 5.33%5.37 49.96124.98# 43.00+27.30#
Microwave sulfur lamp 5.15%£6.84 33.601+16.78# 9.81£10.42*
Halogen lamp 9.51£5.77 40.441+28.66* 28.76120.85#
Fluorescent lamp 8.30+13.21 32.68121.65* 29.80+£11.73#
LED lamp 5.88£5.79 30.90+12.60% 26.97£9.08#

Note: #P<0.05 vs. control group ; “P<0.05 vs. depressive model group

Results of the illumination experiment with
different spectra

In the experiment, MT, 5-HT, and NA monoam-
ine neurotransmitters and BDNF acted as as-
sessment indicators for the effects of different
spectra on depressed rats. A total of four serum
concentrations of depressed rat hormones were
significantly decreased compared with those of
control rats. After light illumination, the MT
(P=0.023), 5-HT (P=0.018), NA (P=0.039), and
BDNF (P=0.038) concentrations in the micro-
wave sulfur lamp group increased again. Signifi-
cant differences were observed between the mi-
crowave sulfur lamp and the depressive model
group, demonstrating relatively good consistency.
Compared with those in the depressive model
group, the concentrations of the four hormones
in other illumination groups again increased to a

certain level. The NA in the LED group
(P=0.030) and BDNF in the fluorescent lamp
group (P=0.014) displayed significant differences,
(Table 5).

Discussion

The pathogenesis of depression is complicated,
and numerous hypotheses have been drawn in
the academe. The assumed monoamine neuro-
transmitter is accepted as the key to study depres-
sion onset and treatment (21). The depressive
symptoms is caused by the reduced of NE in the
central nervous system (22). The lack of 5-HT in
the central nervous system results in depression
(23-24). The BDNF concentration in the serum
exhibits negative correlation with Hamilton’s
Depression Scale (25).

Table 5: MT, 5-HT, NA, and BDNF concentrations in rat serum from each group (ng/L, mean+SD, n=8)

Group MT (ng/L)  5-HT (ng/L)  NA (ng/L) BDNF (ng/L)
Control 30174592 2838812654  136.77%15.44 106.6011.41
Depressive model 248713464 224.74%11.43%  116.81+24.23¢ 87.93%9.14#
Microwave sulfur lamp ~ 30.37#3.19°  288.85+43.66°  137.81+17.51" 103.17+10.42"
Halogen lamp 27.06%4.16  247.0243837  122.62421.92 100.24+16.72
Fluorescent lamp 27304603 2550145077  120.01£12.76 106.19+11.76*
LED lamp 28204230 2667314507  139.55%15.40" 101.06%14.12

Note: #P<(.05 vs control group; “P<0.05 vs depressive model group

Besides, the serum BDNF levels of patients with
depression was lower than those of the control
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group. After treatment, the serum BDNF level
increased (26-27). In our experiment, the ob-
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tained results were similar to the above findings.
In the experiment, the MT, 5-HT, NA, and
BDNF concentrations of depressed rats were
significantly lower than those of control rats, ac-
companied by behavioral characteristics, such as
prolonged dead time, reduced sucrose preference,
and slow growth of body weight and feeling of
despair.

Sunlight can improve depressive symptoms. A
large number of clinical depression treatments by
phototherapy have been proven effective. The
morbidity of depression in high-latitude areas
exceeds that in the low-latitude areas (28). Resi-
dents who migrate from low-latitude areas to
high-latitude area are predicted to develop de-
pression due to the lack of sunshine (29); this
finding supports the abovementioned results.
Therefore, the exploration of an artificial light
spectrum that can prevent depression is particu-
larly important. After supplementary lighting by
the four artificial light spectra, the depressive be-
haviors of depressed rats showed certain im-
provement. However, the intervention effect of
lighting was not homogeneous, and the effect of
microwave sulfur lamp was the most significant.
During the behavior observation in three scores
of the open-field experiment, sucrose preference,
and dead-time of forced swimming, comparison
with rats in the depressive model group showed
significant difference. Meanwhile, no significant
differences was observed in comparison with
control group rats. The values of MT (P=0.023),
5-HT (P=0.018), NA (P=0.039), and BDNF
(P=0.038) concentrations in rats in the micro-
wave sulfur lamp group closely approached those
of rats in the control group. Compared with the
depressive model group, four indicators showed
significant differences. Thus, the rats exhibited
improved curiosity, regained pleasant sensation,
and showed improved feeling of despair in the
microwave sulfur lamp group after lighting.
Moreover, the rats in the group recovered from
depression.

Comparing the distributions of spectral energies
of four artificial light sources and sunlight, we
found that within the scope of visible light, the
spectra of sunlight, sulfur lamp, and halogen
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lamp belong to the continuous spectra. On the
other hand, the fluorescent and LED lamp spec-
tra belong to the discontinuous spectra. Com-
pared with that of the solar spectrum (continuous
spectrum), the spectral energy of the halogen
lamp is concentrated in the yellow—red region,
including large amount of infrared light and heat
radiation. Meanwhile, the spectral energy distri-
bution of the microwave sulfur lamp is closer to
the spectral energy distribution of sunlight. By
comparing the human eye nonvisual biological
effect curve (30), the spectral energy distribution
of the microwave sulfur lamp is basically con-
sistent with the curve (Fig. 3 and 4)
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In this study, the core symptoms of depressed
human were simulated through the CUMS de-
pressed model of rats. We provided preliminary
discussions on the effects of different artificial
light spectra on the behavior and hormone levels
of depressed rats. However, rat retinas are not
completely identical in physiological structure to
human eyes. A future experimental study of hu-
mans with depression is still necessary to further
verify the effects of phototherapy with different
artificial light spectra on a depressed and poten-
tially depressed population.

Conclusion

By applying supplementary light to depressed rats
by using four indoor artificial light spectra, the
depressive behaviors of rats can be alleviated to a
certain degree, with the effect of microwave sul-
fur lamp being the most significant. In our opin-
ion, the pleasant sensation of depressed rats im-
proved, and the depressive behaviors were cor-
rected after the phototherapy of microwave sul-
fur lamp. The spectral energy distribution of mi-
crowave sulfur lamp simulated the function of
sunlight, and its spectral energy distribution was
consistent with the curve of human eye nonvisual
biological effects. These results suggested that the
simulation of sunlight by the microwave sulfur
lamp is in line with the visual physiological fea-
tures of human eye, thereby satistying the sun-
light requirements of patients with depression.
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