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Anti-Inflammatory Effect of Near-Infrared Irradiated Cell Culture Media

Sang-Gyung Kim, M.D.!, Im-Hee Shin, Ph.D.?, Chang-Hyuk Choi, M.D.>; and Jung-Yoon Choe, M.D.*

School of Medicine, Daegu, Korea

Background : Near-infrared light (NIR, 0.8-1.5 zm light) has been used in therapeutic devices for
various injuries such as infected, ischemic and hypoxic wound. NIR-emitting technology has been
developed recently in Korea. We hypothesized that NIR may have an anti-inflammatory effect and
investigated the effect of NIR-irradiated media on cell culture.

Methods : Three kinds of cell lines, CAPE (vascular endothelial cell), NIH3T3 (fibroblast), and RD
(smooth muscle cell) cells were cultured for 4 days in 10% FBS-containing media (1x 10* cells/
well), which were irradiated or not irradiated (control) by Eco-NFIR Drive (Model #0210, Ecowavetech,
Korea). The cells were stimulated by 10 mcg/mL of bacterial lipopolysaccharide (LPS) or sodium
nitroprusside (SNP). Cellular proliferation was measured by methylthiazol tetrazolium assay. Expres-
sion of interleukin (IL)-1 beta and nitric oxide was measured by ELISA. Expression of cyclooxyge-
nase-2 (COX-2) and inducible nitric oxide synthase (INOS) was measured by immunofluorescence
staining.

Results : NIR-irradiated medium was favorable for CAPE cell proliferation (N=8, P=0.000). IL-1
beta secretion from LPS-stimulated NIH3T3 cells incubated in the NIR medium was below that of
control medium (N=4, P=0.026). Nitrate production seemed to be low in NIR-irradiated medium
although statistically insignificant (N=4, P=0.076). Expression of iINOS of the LPS-stimulated cells
was decreased in NIR medium, however, Cox-2 expression was not different between the two media.

Conclusions : NIR-irradiated medium supported vascular endothelial cell proliferation and showed
an anti-inflammatory effect on fibroblast culture. These results can be used as basic data for future
research on the clinical application of NIR. (Korean J Lab Med 2009,29:338-44)

Key Words : Near-infrared (NIR), Anti-inflammatory mediator, IL-1 beta, Nitric oxide (NO), Inducible
nitric oxide synthase (iNOS)
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S| 4E3] CAP Jaﬁ AgFe] BEE AER] RD A|ZES o
FAEFLY O =RE FYstol Agalit

2) HHX| & H{EZEA

A|3Zuf k8 v A] Dulbecco's modified eagle's medium
(DMEM: Gibco BRL Life technologies, Grand Island, NY,
USA)Z} RPMI 1640 media (RPMI:Gibco BRL Life technolo—
gies)oll T4 24 T 2AL7] Eco—NFIR Drive (Model #0210,
Ecowavetech, Gyeongsan, Korea)& ARE510] 1424 o)
ZAFET] A 10 mm, FAPFE 3.8 W/em 2 30%7F 2t
el wixjof] ARRE 5 HAHRA| = A|sto] ARESIRITE o] 717
L AR wAEFHIA 0 2 1.400-1,700 nm H91e] 294

<= Whikshs s 7o, dadoge IAYAE 2
At8HA] 052 DMEM RPMI &2 HIA| S HA| =2 A|x5t0] ARg-
Skich SEol @8 10% =2 H7isto] A A 2ARE
DMEMZ} 2494 AR RPMIE ZAIsko] A|25-9] ujofo]
ol-gst3em 37C, 5% COp #7104 447t vRestsict.

T 2AE AEZSO SAT AF vl ojwRt ant
7} =R B7| $JeiA] G5 g9 21AF<l lipopolysaccharide
(LPS: Sigma, St.Louis, MO, USA)E 10 mcg/mLe] =2
i zlof H7tsto] ujekstgict, ERt FAlo Al S theh
Ao AL kS B flaiA Alzoll A =4 auprt 9l
= sodium nitroprusside (SNP: Sigma)E 0.5 mM2Z HjZ]o]
d7ysto] ulFstaict,

2. W

1) Methylthiazol tetrazolium assay

ofEls A1 1x 1082 96 well HiFE Al HEste] 49
7+ wjoFshE A i methylthiazol tetrazolium (MTT: 3-[4,
5-dimethylthiazole—2-yl]-2, 5—diphenyltetrazolium bro—
mide) assayE Al ¥t

MTT assay+= AoRQl= Aj3E2] n]EZ 2o} succinate de—
hydrogenase®] 23l =2 MTT7} HFE Moz Hel=

A2 ol §5to] Aolgl A 48 24T 4 A h o]
oHI3, 141, AIZFAIS] P hof AJARSHE o] MIT At
710 o] whopelel Tk F40) JEg % ehhglch

2) 9ZM AEFRI(Interleukin-1, nitric oxide) A&
A 2zufeF ajz]of] 281 T LA o] M EAolu dF R

oA ofGA 28RS dotir] ffs ZA Al uijxlet &
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HE i z]ofl LPS SNPE A 2]gt 2215}l A] A 25 uj st Al
o S HE vy F 497 Wi Rof —70C ol ¥ Hakst
%t} Interleukein—1 beta (IL—-1 beta) #4831 ELISA
kit (R&D, Minneapolis, MN, USA)E AL&31g0
oxide (NO) %+ nitrate reductaseoﬂ I3l nitrate”} nitrite
2 He aAgoA A EE NOS SA45H= griess reac—
tione A2 SF AM-S1E kit (Nitric Oxide parameter assay,
R & D, Minneapolis, MN, USA)E ©]-&3}%tH15].

o nitric

3) inducible nitric oxide synthase@t cyclooxygenase-2
) =X

kel 1% 10" A|EE2 chamber slideol|A] 447F 221914
ZAL v A€} kiRl 4] LPS, SNP A 2{ato] ujekatw Al
& FITC7} conjugated ¥ in—
ducible nitric oxide synthase G(NOS) & (BD biosciences,
San Jose, CA, USA)E 1:1002.2 3]4J5le] FAlet 5 Aty
22+ isotype FAIE o]&-sto] FF&1% (NiKon, micro-
FXA, Tokyo, Japan)2.2 HE3}AL}, Cyclooxygenase—2
(COX-2) gA-e A= 1:100, 22 FAI= 1:502.2 314
sto] AMESHAIT, = AR s RE HEA) 27 SYAoR

BEsto] 540 YL wH Yo BESGT,

4 paraformaldehyde® 1174 &

o SPSS
hicago, IL, USA)S 0|83
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NIH3T3 cell

gzl N A 2APA|S] fke A2 SRl whEt
ChEA| e CAPE A= 49 Sejuj 2= 2494
ZAL HiA oA 3RA 200% o1 F4Isto] ANhEA| Rt F4
o] & HUtN=8, P=0.000). “L2{L} NIH3T3 A Z2HN=16,
P=0.170) RD AlZ&(N=8, P=0,295) <-22|4 ZAleh v 2|2}
LRFHA[ A A2 S]] -2fet Zel7F I9ITHN=8, P=0.285)

(Fig. 1.
2. 95 RUSE LPS2} MZ=M & SNP A2 & ME
=
ASEAQl LPSE X}%}%i% uﬂ CAPE, NIH3T3, RD
NZFE

1) CAPE cell

CAPE AHlZ&= LPSE 24413 A7) & duhajz|el 1294
ZApufR| ol A B Z4] A7} eyt SNPE A 2]gh CAPE
AE = A QA ZAL B 2|0l A 3R] 170% oA Fo.2 FA]5ke
Auhifx]2] 150% AR o FAst O BAR R folFt
2o = oFy glth(data not shown).

2) NIH3T3 cell
NIH3T3 AM3Z= LPSE 24A17F A2jst & ufjof 2dA) 4]
RD cell
08 |-
B
[: 0.6 |-
=
04 -

Incubation time (day)

Incubation time (day)

Incubation time (day)

Fig. 1. Methylthiazol tetrazolium test result of the cells. NIR-irradiated medium provided favorable condition for CAPE cells in terms of cel-
lular mitochondrial enzyme (succinate dehydrogenase) actvity (mean=+SE, N=8, P=0.000). However, there was no significant difference
of cellular proliferation of NIH3T3 cell (mean +=SE, N=16, P=0.170) and RD cell (mean = SE, N=8, P=0.295) between NIR-irradiated medi-

um (N, -A-) and control medium (C, —0-).

Abbreviations: C, control medium; N, NIR-irradiated medium; MTT, methylthiazol tetrazolium; NIR, near-infrared irradiated.
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A 2AFHiA A T ol SR Blsl ARt EiA| M= 5
Aol Z3F= let, Z1efut i 4947 Aol= AR LR 79
SFA] ehQITHN=16, P=0.285). ?FH NIH3T3 A3zl All£=7d
=2 SNPE #2|7t & Hiofsidle e duhixiehs 22
AR ZAL viZ|I A 2UATA] AL TAZ HATHN=16,
P=0.000) (Fig. 2).

3) RD cell

RD A2 LPSE 2441%F 2] & duhafz|eF 24 ) A 2AL
HiR| o A 5 FA) A7} LRt SNP A 2] % RD Al
A 27 Bk Ao oA |E QLo Ak Eet LA e
ZA} iR of| A= o] Aol A 2Lt BATH R

93t z}o)7} §1%ithdata not shown),
3. IL-1 beta &3

NIH3T3 AlZof| 10 mcg?] LPSE HiA|of A715192 u)
FHO| TL-1 F= vl 197 A ] AzAl w0l 4] 24+0.36
pg/mLE YHhR] ] 29+0.56 pg/mLETE W3kom Hjek 2
A= L& QA 2AL B 2|0 A 31+0.51 pg/mLE LRhA]o]
A 350,60 pg/mLETH FUTHN=4, P=0.026) (Fig. 3).

FIPTA|EQ] CAPE MZS} 24422l RD A|ZE LPS
Ap=of disf AlEEFA JAIE Bolor IL-1 beta”l S =A
i

|
|
050 |- A
/0
0
// !
E 045
= L
|
0.35 |-
0 1 2 3

Incubation time (day)

Fig. 2. Methylthiazol tetrazolium test result of SNP-stimulated NIH3T3
cells. The SNP-stimulated NIH3T3 cells incubated in the NIR-irra-
diated medium (-2-) proliferated more than the cells incubated
in the control medium (-o-) at day 2 (mean =+ SE, N=16, P=0.000).
Abbreviations: See Fig. 1.
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4. MZHH 2| nitric oxide HEf

LPS A 23k NIH3T3 Al 2zu[ ke 2] NO+= 5.48+0.45 umol/

Lz YuhafA]9] 7.25:+0.83 g#mol/LETh Weket, ATk F7

202 FoJ5IR| = AUTHN=4, P=0.076) (Fig. 4).
FInf A3l CAPE A28t 54122 RD AlE+= LPS
Aol izl NO 2§42 zto| & Koz ekl

5. Inducible nitric oxide synthase2} cyclooxygenase-2 &

NIHSTS A= LPS 24417 A2jgt & ZA A RAL HijA|

35.0

250 [

IL1 beta (pg/mL)

20.0 [

1 2
Incubation time (day)

Fig. 3. IL-1 beta concentration of the supernatant of NIH3T3 cells
which were stimulated with LPS (10 mcg/mL). The IL-1 beta secre-
tion of NIH3T3 cells incubated in NIR-irradiated medium (-A-) was
below that in the control medium (—o—) (mean*=SE, N=4, P=
0.026).

Abbreviations: See Fig. 1.

90 | *
80 °
-
e L
g 7.0
= d .
g 6.0 .
[ ]
50
| hd
Control NIR

Fig. 4. Nitric oxide production of NIH3T3 cells which were stimu-
lated with LPS (10 mcg/mL). The NO level of NIH3T3 cells incu-
bated in NIR-irradiated medium (NIR) was lower than that in the
control medium (control), although statistically insignificant (mean
+SE, N=4, P=0.076).

Abbreviations: See Fig. 1.
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Table 1. Result of immunofluorescence staining of inducible
nitric oxide synthase expression of the NIH3T3 cells

Findings
Medium Treatment
Day 1 Day 3

Control None Positive Weakly positive
Control LPS Positive Weakly positive
Control SNP Positive Positive
NIR None Positive Negative
NIR LPS Positive Negative
NIR SNP Positive Weakly positive

Abbreviations: LPS, lipopolysaccharide; SNP, sodium nitroprusside;
NIR, near-infrared irradiated.
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Fig. 5. LPS (10 mcg/mL) stimulated NIH3T3 cells show green flu-
orescence after Immunofluorescence staining of INOS-FITC anti-
body (epi-fluoresence microscopy, NiKon, micro-FXA x 400).
Abbreviations: See Table 1.
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