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Effect of Photobiomodulation Mediated by 808 nm Laser on Active
Oxygen Steady-State in CCC-ESFs under High Glucose Environment
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Abstract Delayed wound healing is one of the most challenging clinical complications of diabetes mellitus (DM)
and is related to the excessive production of reactive oxygen species (ROS). Photobiomodulation (PBM) can
promote the healing of delayed wounds in DM patients. We studied the effect of PBM on the active oxygen

homeostasis of human embryonic skin fibroblasts (CCC-ESFs) that were cultured in a high glucose environment,
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and explored the effect of PBM on improving oxidative stress injuries. CCC-ESFs were cultured in vitro, and the
cells were randomly divided into control group (normal glucose group and high glucose group) and 808 nm laser
irradiation group (power density: 10, 20, and 40 mW/cm®; energy density: 1.5, 3, 6, and 12 J/ecm®). After
48 hours of high glucose modeling, the experimental group was irradiated with a laser and we measured the cell
proliferation, ROS content, total superoxide dismutase, total antioxidant capacity, mitochondrial membrane
potential and the expression level of the related cytokines. The results show that cell proliferation activity was
reduced, ROS content was significantly increased, antioxidant capacity was decreased and cell apoptosis was
increased in the high glucose environment; however, the proliferation effect of the cells was not significantly
improved after 808 nm laser irradiation, but ROS content of the cells decreased, the expression of antioxidant
enzymes showed an upward trend, and the expression of pro-inflammatory cytokines decreased. These results show

that PBM can repair oxidative stress damage, regulate inflammatory responses, and promote wound healing under a

high glucose environment.
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healing
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Table 1 Irradiation parameters

Parameter Value
Wavelength /nm 808
Output mode Continuous
Average radiant power /mW 40
Spot area /cm” 2
Vertical distance /cm 4
Beam profile Round
Beam divergence angle /(°) 90

F2 WL &

Table 2 Laser irradiation dose

Power density /' Energy density / . )
Irradiation time /min

(mWem *) (Jeem %)
1.5 2.5
3 5
10
6 10
12 20
1.5 1.25
3 2.5
20
6 5
12 10
1.5 0.625
3 1.25
40
6 2.5
12 5
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FanOC AT AR R AR R
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K JH SPSS 25. 0 %4l 4t v+ #1044 x5 B 9 i 47 4k
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TN o X ECHE EAT LR R O 25 40 L A T LG BCR
(R g , P<<0.05 K mERBAAGIT¥EL . RH
Origin 8. 0 &K HE A .

3 LEER

3.1 BRENEAMAEETER

T H B SR AL 1 e W B IR A X A A Y 5
UL TR 7R o m LA B, W 1 48 i , £ 1E 7 1
I AL P, 20 O 5 I R 0T O R S e e
PR B I B TIEW A . X SRR
vy B B35 2 400 ) 40 L ) 4 B A

1 MBS MG R . (a) IE W B SRk 5 (b) iy Wl By 5

Fig. 1 Cell morphology observation results. (a) Normal medium; (b) high glucose medium
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=
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=
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K2 76 KA D)% B 11 808 nm OB BRI T~ , CCC-ESFs
WG RE (n=3; 3 5 i HEXT AL AH L p<<0. 05)
Fig.2 Absorbance of CCC-ESFs irradiated by 808 nm laser

with different power densities (n=3; * means

»<<0.05, compared with high glucose control group)
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i control-HG
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08k B 15 ) cm*HG
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=
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Time /h

B3 FENIA) A 7t % 19 808 nm OGR4 T, CCC-ESFs 1y
W B (n=3 5 *3R 71 5 w8 Wl 0t LA HE p<<0. 055+
7R 5 BT R AL A L p<<0. 01)

Fig. 3 Absorbance of CCC-ESFs irradiated by 808 nm laser
with different energy densities (7==3; * means
»<<0.05, compared with high glucose control group;
** means p<<0.01, compared with high glucose

control group)
3.4 808 nm # 3 ¥ CCC-ESFs A ROS 7k F #j
A
4L B ROS K- an &l 4 fif s . wT LA H 5
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215}
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5 3
0
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£<0. 055 %R 5 IEH 0 AL L p<<0. 01:#Rm 5

o BT BR AL L p<70. 05 ##32 7R 5 i M6 BR 4140 L
»<20.01)

Fig. 4 Intracellular ROS level (n=3; * means p<<0.05,
compared with normal glucose control group; **
means p<C0.01, compared with normal glucose
control group; # means p<<0.05, compared with
high glucose control group; ## means p<<0.01,

compared with high glucose control group)

AH L, BB R A K BOL S G, ROS B RTF
B, MG RE R R N 1.5 T/ em® I, & Bl 35 3t 4
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X U A 7 B PR S AR T SOD (1935 1 , 1B 78 30O B8 5
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Fl5 41 PR SOD K T (n=3; * 78 5 1E # X 1R 41 A6 L
p<20.05; %75 5 1EH X B L p<<0. 01;#Km 5
T B X BB AL AR L p=<<0. 05)

Fig. 5 Total intracellular SOD level (7=3; * means p<<0. 05,
compared with normal glucose control group; **
means p<_0. 01, compared with normal glucose control
group; # means p<<0.05, compared with high glucose

control group)
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Fig. 6 TAC level of cells (n=3; * means p<0.05,

compared with normal glucose control group; **

3J-cm NG

3J-em-HG

means p<<0.01, compared with normal glucose

control group; # means p<<0.05, compared with

L7 2 N Y L AR R £ K

Fig. 7 Intracellular mitochondrial membrane potential level

high glucose control group; ## means p<<0.01,

compared with high glucose control group)

BURALIE A S SRR Bl (R (e gy 38 BERONF-kB INFao IL-1BACE
TR H# 3 T/ e’ 808 nm WOL LI 9 A0 K
A — E@NF-KB{NF-ﬁnIL—1B7J<M?,,n%£zM<Sﬁﬁmo
T L 5 0B Lo R T 040 00 5
O BE A TT RE S0 A M R T 5 YR H 85 Ok FAE 3 % B4 (p<<0.05) s 3O BB 5T 3 d 5 , 75 4 1A

MAEG AL O I WoR A GIORWA VLW b o] ity NF-«B . TNF-a Al IL-18 75 1k A L 29 55 5
55 PO MRS 2e 0 s AR MR PR T 20 B g b (p<<0. 01) 6

%3 808 nm WL RS T 4 i) NF-«B . TNF-o Al IL-18 7K -
Table 3 NF-kB, TNF-« and IL-1f levels of cells irradiated by 808 nm laser

NF-kB level /(pgemL™") TNF-a level /(pgemL™") IL.-18 level /(pgemL.~")
fiem Al Standard deviation A Standard deviation A Standard deviation
Control-HG 1066. 22 +6.81 74.11 +0.55 71.33 +0.55
Control-NG 1171. 22 +10. 86* 78.23 +0.37* 74.92 +0. 15%x*
3 Jeem *-HG 1061. 22 +66.35 75.72 +2. 26%x* 66.48 +0. 79%x*
3 Jeem NG 1111. 22 +36. 8" 74.45 +0.96" 69.72 +1.167

Notes: * represents statistically significant data(p<Z0.05) , compared with normal glucose control group; ** represents statistically
significant data(p<<0.01), compared with normal glucose control group; # represents statistically significant data(p<<0.05), com-
pared with high glucose control group; ## represents statistically significant data(p<<0.01) , compared with high glucose control

group. A, represents absorbance at 450 nm.

P (AT BB 07 77 e 109 A W00 ELA
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SR O T ) R R B I00 PBM e B RSB T (0005 @ A 0 4 FHLE T

RIS 2 AT WO R R LIRS LT e S T R L P 1 L T

FE A REAR A0 11— 25 A B S KU . 1 A R A WF 58 ¥ CCC-ESF's 78 ¥ J¥ 24 30 mmol/L (1
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