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Fig.1 LPS—injected mice showed formaldehyde (FA) accumulation, inflammation reaction, and depressive—like behaviors

(a) Experimental program. (b) FA fluorescence imaging in the control (Con) mice and one-hour LPS-injected mice. n=3. (¢, d) The abilities of
locomotor and exploratory in LPS-injected mice were reduced in OFT. (e) Despair behavior showed no difference between LPS-injected mice and
Con mice in TST. (f) Desperate behaviors were exhibited in LPS-injected mice in FST. (g) LPS-injected mice showed a decreased sense of pleasure in
SPT. (h) Cortical FA level showed no difference. (i, j) Hippocampi (i) and midbrain (j) FA levels were increased in LPS-injected mice. (k) Blood
SSAO levels were increased in LPS-injected mice. (I-n) TNF-a levels were increased in LPS-injected in the cerebral cortex (1), hippocampi (m) and
midbrain (n). (0) Midbrain IL-6 levels were increased in LPS-injected. n=6—12. Data represent mean=+S.D. *P<0.05, **P<0.01, ****P<0.000 1, ns,
no statistical significance, P>0.05. OFT: open field test; FA: formaldehyde; FST: forced swimming test; SPT: sucrose preference test; TST: tail

suspension test.

in the first week
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Fig. 2 Red light treatment alleviated the depressive behaviors in LPS—injected mice in 2" and 3™ week
(a) Treatment program. (b, ¢) RL improved the locomotor and exploratory abilities in LPS-injected mice in OFT. (d, ¢) RL reduced the desperate
activity in LPS-injected mice in TST (d) and FST (e). (f, k) The track map of mice activity in OFT. (g) RL improved the locomotor ability in LPS-
injected mice in OFT. (h) RL showed no improvement in the exploratory ability in LPS-injected mice in OFT. (i) RL reduced the desperate activity of

LPS-injected mice in TST. (j) RL showed no improvement of the desperate behavior in LPS-injected mice in FST. (1) RL increased the sense of please

in LPS-injected mice in SPT. (m) FA level decreased in LPS-injected mice and RL reduced the decrease of FA in LPS-injected mice. (n) Midbrain FA

level increased in LPS-injected mice. n=8-9. Data represent mean+S. D. *P<0.05, **P<0.01,

k% P<(.001, ****P<0.000 1, ns, no statistical

significance, P>0.05. OFT: open field test; TST: tail suspension test; FA: formaldehyde; FST: forced swimming test; RL: red light at 630 nm.
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Fig. 3 Red light treatment inhibited neuroinflammation and alleviated depressive behaviors in LPS—injected mice in the 4"

week by scavenging FA in the hippocampus and midbrain

(a, b) RL showed no improvement effects in the locomotor and exploratory abilities in LPS-injected mice in OFT. (¢) The track map of mice activity

in OFT. (d) RL showed no improvement effects of the desperate behavior in LPS-injected mice in TST. (e) RL reduced the desperate activity in LPS-
injected mice in FST. (f, g) FA levels were increased in LPS-injected mice, and RL reduced the levels of FA in LPS-injected mice in the hippocampi

(f) and midbrain (g). (h) Blood SSAO levels were decreased in in LPS-injected mice, while RL aggravated the decrease of SSAO in LPS-injected

mice. (i, j) Hippocampi (i) and midbrain (j) IL-1B levels were increased in LPS-injected mice, while RL reduced the increase of IL-1f in LPS-injected

mice. (k, I) Midbrain TNF-o (k) and IL-6 levels (1) were increased in LPS-injected mice, but RL reduced the increase of IL-1p in LPS-injected mice.
n=5-9. Data represent mean=S. D. *P<0.05, **P<0.01, ***P<0.001, ns, no statistical significance, P>0.05. RL: red light; OFT: open field test;

TST: tail suspension test; FST: forced swimming test; SPT: sucrose preference test.
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Fig.4 The correlation between the levels of IL-13, TNF-q, or FA and indexes of depressive—like behaviors

(a, b) Positive relationship between midbrain FA and TNF-a levels (a), and between FA and IL-1f levels (b). (c, d) Negative relationship between FA

levels and the exploratory abilities in OFT (c), and between midbrain IL-1p levels and the exploratory abilities in OFT (d). (e) Negative relationship
between midbrain FA levels and the immobility time in TST. n=15-25. OFT: open field test TST; tail suspension test. (f) Fluctuation of FA levels.

n=3-6. FA: formaldehyde.
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Initiating factor:

FA
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Fig. 5 Mechanism of red light—alleviated depression-like behaviors in LPS—induced chronic depression model mice by

scavenging midbrain FA levels

LPS intraperitoneal injection induces peripheral inflammation in mice, increases IL-1B, TNF-a, IL-6 levels in the blood, activated SSAO, and then

increases FA level in the blood. FA crosses blood-brain barrier and accumulates in the midbrain, leading to the disturbance of FA metabolism and

inducing depressive-like behaviors. Excessive FA stimulates microglia, which produce inflammatory cytokines that causes inflammation of the central

nervous system. Inflammatory factors stimulate the hypothalamus in the midbrain, strongly activate the HPA axis, which cause HPA axis disorder,

reduction of the production of 5-hydroxytryptamine (5-HT), and inhibition of hippocampal neurogenesis. Subsequently, FA-derived cytokines initial

depressive-like behaviors. However, 630 nm red light irradiation attenuates depressive-like behaviors by scavenging FA and reducing

neuroinflammation. FA: formaldehyde; FDH: formaldehyde dehydrogenase; Hip: hippocampus; HPA: hypothalamus-pituitary-adrenocontical.
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Non-invasive Physical Therapy——Red Light at 630 nm Alleviates
Lipopolysaccharide—induced Depression—Like Behaviors in Mice

ZHAO Dan-Rui”, ZHANG Feng-Ji", LIU Yi-Ying, WU Yi-Qing, ZHAO Hang, LIAO Hai-Kang,
PAN Wen-Hao, CHENG Jian-Hua™*, TONG Zhi-Qian™"

(School of Mental Health, Institute of Aging, The First Affiliated Hospital, Wenzhou Medical University, Key Laboratory of Alzheimer’s Disease of Zhejiang
Province, Oujiang Laboratory, Wenzhou 325035, China)

Abstract Objective The unclear mechanism of depression occurrence and the undesired clinical efficacy of
drugs are the difficult problems all over the world. Previous studies have found that gaseous formaldehyde (FA)
exposure or intraperitoneal injection of FA can directly induce depression-like behaviors in mice. Whether
endogenous FA leads to depression is unclear. This study was to explore whether lipopolysaccharide (LPS)
induces depression-like behaviors in mice by stimulating endogenous FA generation, and to observe whether non-
invasive physical therapy——630 nm red light irradiation can activate FA dehydrogenase and degrade FA,
thereby attenuate depression-like behaviors in mice. Methods Male adult C57BL/6J mice were randomly
divided into: (1) control group, intraperitoneal injection of phosphate buffered saline (PBS); (2) depression model
group, intraperitoneal injection of LPS at a concentration gradient; (3) red light intervention group, these mice
were intraperitoneally injected with LPS and treated with 630 nm red light irradiation. The depression-like
behaviors of mice were evaluated by open field test, sucrose preference test, tail suspension test and forced
swimming test. The concentration and distribution of FA in brain tissue of mice were detected by FA fluorescence
(Na-FA, specific FA fluorescent probe) quantitative method and whole brain FA fluorescence imaging. The
concentrations of IL-1B, TNF- o, IL-6 and semicarbazide-sensitive amine oxidase (SSAO) were detected by
ELISA. Results One hour after acute injection of LPS, FA accumulated rapidly in the whole brain, especially in
the midbrain. With the increase of IL-1p and TNF-a content; 24-hour depression-like behaviors, for example,
open field total movement distance, central area movement time (distance) decreased significantly; the total
immobility time of tail suspension test and forced swimming test were increased. However, 630 nm red light
treatment significantly attenuated LPS-induced depression-like behavior in mice accompanied by a decrease in
midbrain inflammatory factors IL-13 and TNF-a. Conclusion The accumulation of FA in the midbrain is an
initiating factor for depression, stimulating a large release of inflammatory factors and leading to depression-like
behaviors. However, red light irradiation can scavenge FA and reduce neuroinflammation. It is a promising new

strategy for non-invasive treatment of depression.
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