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Abstract: Objective To establish an in vitro photosensitization evaluation method using cytokines as evaluation index. Methods
THP-1 cells were treated with photosensitizers 6-methylcoumarin (6-MC) and P-aminobenzoic acid (PABA), photosensitizers and
photostimulants Bithionol, photosensitizers and skin sensitizers p-phenylenediamine (PPD) and diphenylketone (BP), and pure skin
sensitizers dichlorobenidine hydrochloride (CHD) and dinitrochlorobenzene (DNCB), photostimulant anthracene and acridine, skin

irritant sodium lauryl sulfonate (SDS), and negative control lactic acid (LA) were incubated for 24 h, and the corresponding solvent
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group was used as the control group. After light irradiation (1.7 mW-cm™, 50 min) or light protection treatment, cells were placed
into the incubator for further culture for 5 h. Photostimulant should be pre-irradiated before formal light exposure (30 min in SOL
500 artificial solar irradiation device, and then placed in dark for 15 min). Luminex analyzer and multifactor detection kit were used
to detect the changes of cytokines interleukin (IL)-12 /P40, IL-12/P70, IL-1B, tumor necrosis factor-o (TNF-a), IL-8, IL-18, IL-4 and
IL-13, respectively, to determine the photosensitization related specific cytokines. To establish an in vitro evaluation method for
photosensitization. Results After incubation with the photosensitizers and exposure to light, the contents of IL-8 and TNF-a in the
cell lysate and supernatant of THP-1 cells were significantly increased (P < 0.01), with the largest increase magnitude in IL-8. For
the four photosensitizers, the ratios of IL-8 level in irradiation and non-irradiation groups were all greater than 10, and the ratios of
TNF-a level in irradiation and non-irradiation groups were all greater than 1.5. The levels of IL-8 and TNF-a in acridine and
anthracene cell models exposed to light were more than 10 times and 1.5 times higher than those in the unirradiated group. After pre-
irradiation, the IL-8 ratio of the irradiated group and the unirradiated group decreased to less than 10, and the TNF-a ratio decreased
to less than 1.5. Skin sensitizers DNCB and CHD, skin irritant SDS, negative control LA and control group, IL-8 ratio was less than
10 and TNF-a ratio was less than 1.5 in light irradiation and non-irradiation groups. Skin irritants and negative test substances did

not cause significant changes in the levels of these two cytokines. Conclusion In the THP-1 cell model, IL-8 and TNF-a have good

specificity and sensitivity for evaluating the photosensitivity of compounds, and IL-8 is better.
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Fig. 1 IL-8 determination results at different detection time points in 6-MC cell model (x+s, n=4)
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Fig.2 TNF-a determination results at different detection time points in 6-MC cell model (x+s, n=4)
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KM 3.55 pg-107° cell 14 %= 4.63 pg-10°° cell) , 15 B
THP-1 40 f 75 #5252 — 7€ 7 & 1 6 I JE TNF-a /KP4
R — B A B AR FR EEAR /I
3.42 JGLEEGT 6-MC F1 PABA 41 g #5174 i TNF-a
e 45 R THP-141M05 6-MCFE 24 h /5 , &0t
S E MRS, 5 R IR LG, TNF-o 3k A B
FEWIN(P<0.0D), 4 8 KRGS 411 3.3 5. PABA
F6-MC B A — S ) A AR, B8 55T 20 AH BL R e G
41 TNF-o B A 35 /K B2 18 i1 (P<<0.01), 21 N &
RS 411 3.8 i o
3.4.3 IR Y R B0 4H B A AR oR TNF-a 0 1
SEZE R THP-1 4 i 53 9] 5 56 R Y g | s &5
JG > 5 AR RS L, 28 0l B B U S, THP-1 41
Ji ) TNF- 58 4 528 7K1 38 i 25 3 I (P<<0.01) , 43
SR FR AL 1.8 5 A 2.0 f5 . X6F 2 Fh o't TR 8 751 4
FIBEAT T TR G AL, 2 BT AL EE IR A 4L 5 H
HEUS 20 AH B TNF- o (58 R K SF 2 3 B R (P <

&3 HHEF TNF-aELER (xts,n=4)
Table 3 Determination results of cytokine TNF-a

(% £s, n=4)
, ZLRI+ IE P TNF-a 7K
2H 51 Jﬁ%m[@ F/(pg-107° cell)
(ug-mL™" - -

A HE SR HESRS
papiist — 3.5540.10 4.63+0.48"
6-MC 80 1.75+0.25 5.81+1.34%
PABA 1333 1.53+0.01 5.86+0.22%
SDS 60 3.80:£0.45 1.74+0.55™

LA 500 1.80+0.99 2.52+0.36
DNCB 2.5 2.78+0.16 2.34+0.19
CHD 4 2.65+0.29 2.96+0.33
T S 8 3.26+0.50 9.49+0.49*
TR S it S 8 4.02+0.14 7.86+0.637"
g 0.1  3.62+0.39 6.67+0.88"
THOHE G 0y w 0.1 3.43+0.14 4.16+0.17°"
2 0.04 2.65+0.14 5.4440.79*
THHE A 0.04 3.51x0.42 3.88+0.22°%
BP 13 3.56+0.75 3.80+0.53
PPD 2.5 345026  10.34+1.46"

5 R4 A MBS L P<0.05 #P<0.01; 5 A4 H 3% 85 H ik
£P<0.05 “~P<0.01
*P<0.05 P <0.01 vs same group without irradiation; “P < 0.05

AAP <0.01 vs same group of direct irradiation

0.01) , 5 T 4b B A W& 5 25 A0 xf B 4H A bb U G B
EHER.

3.4.4 7 EUEGY) DNCB A CHD i g #i78 fi TNF-o
I 5E 45 5 DNCB. CHD 5 5 75 't [ 5F 11 o 18 5
%14~ , THP-1 40 ff TNF-a 7K1 1) 30k T BH 2 22
5, B 5 XA KPEE

3.4.5 BT HE LA R Bz JER IR SD'S 44 it 55 A o
TNF-o FJWE 25 5K R JR A% SDS A5 Y | [ 4 5%
HELA 75 A 8 S A0 HE 5 2541 T, 48 il X ¥ TNF-a (1)
g 1 5% IR Bl

3.4.6  SHEE G BUBORNE FIEE FH I B S A A A
B TNF-o I E 25 58 2300 S [\ i B A
FEBBADERAE R, & BRI R, 5 oK R
A E , TNF-a 7K F 5 25 38 0 (P<<0.01) , £ Jy K [
WA 2.9 %, & of 7 AL 5, AL B R G 41
TNF-o 7K - 75 2 3 v T 10 4k 2 ok B85 40, (3 —
A B AR A 1.96 7%, 9 H B K T B 8 B 4
HIKF(P<0.05),

3.4.7 M GEURORN Kk BB FH I BPLPPD 48 il
A TNF-o I E S5 R 3234 BP.PPD [F]if B
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A ICBUROR BB E R v B G, 5K
[ S5 2HL FH B, PPD A5 7 TNF-a 7K F & 35 1 i (p<
0.01),BP KA EEMEZER. “HERLIIRIH,
TNF-a 7K P55 %} B2 AH P35 o i 2 22 5+
3.5 THP-14AREERIRST SRS HRE FRIE
KFRIEL1E

AN T 52 3R 0 1) THP-1 41 B A 72 28 5k R 5 s, TR
U 4H 5 R R ST 2H 10 TL-8 LU AE WL 4, TNF-a bEfH
K5,
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Fig.4 1L-8 ratio of THP-1 cells incubated with different

compounds in irradiated and non-irradiated group
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Fig. 5 TNF-aratio of THP-1 cells incubated with different

compounds in irradiated and non-irradiated group

Fr G EUR BP 4b, S EUEGT] 6-MC W PABA \PPD
I S 200 A 2R s R IR 5 R R G 4L TL-8 LL B 3
FE10 BA b o ) Y e AT R i B B 22 0 Ol B
PGS 5 IL-8 KT RIS 10 5 DL |, &5

TR S b BRI , JL RS 4 5 R B ZH TL-8 LU T
B30 10 LR o 7 k3057 DNCB Al CHD . 7 Jik i)
R SDS - [F 4 Sof R LA TS R R S 4 5 R TR A 4
IL-8 LAt ¥/ F 10,

R G EURR BP 4b, G EUEGT] 6-MC . PABA \PPD
B S Moy 20 B A5 7Y G 20 5 R RS 4 TNF-o0 LR A
PIRT 1.5, JGRBEGHNY wE Fl A B B 22 0 B
LRI 5, TNF-a 7K~ 2 R BRI 1.5 5 0L B, &
ik T S A, LR 2 5 R IR G 2 TNF-o L
PR R 15 LR . BB DNCB 1 CHD.
JoR ) 38771 SDS « BH 1 Xk HE LA R 401 g 3ol i, B B 4L
KBS TNF-o LA /N T 1.5,
4 g

2 B D] 1 o B G 2 4 R PR A 2 W 2
i 25 ) A sk Sl G 2 20 i C PN B A L 3R R AN L £
YRR M 55D 2 BN & R W — R B AT
EFIEER N FEAR .. ME eSS
ERE 52 AR 8 57 40 B 2R K L A A RIS, 8 4 B g
%o THP-1 2 —Fh 50A% [ 197 40 o dk , B A 540 58
PR 200 A 288 AL P — R S5, THIP-1 41 i A8 43 304 1) 40
Jid Al 4 45 IL-1B IL-6 IL-8 . IL-12 TNF-0.» IFN-y.
GM-CSF % . H Hij ££ B¢ Pk BUBOH S AIF 78 K I, B ik
B fR) AT LA 5] R THP-1 40 i 8% 5% 13 o IL-8 .
IL-1B+ IL-6 TNF-a. IL-4 43 ¥ & 35 39 hnt-™ . A
TN B Rl SO S RS DU A (LCO i
G s AN 2 b H 41 A 3R T AR P 1) 3k, TR B
2 {1 5L SO i ] 7~ A 5 0, 4 TNF-a, IL-1B
TIL-8+160, 75 ' B J5 A I B ] A B R R AR5, 7
JEEEGN) 6-MC B AURT I 14 7 IL-8 \TNF-a 55 7E 4
(10 Rl BRI 7, R B8 i i HESH IS TL-8 148 1k fx
R I AR AR g 4T 1 OIS 2.5.10.24 h
Z AT [A] 55 IL-8 BT I . 6-MC 1S AL 7E B 5 5
5 i 3 R 2R TL-8 ¥ B B2 1 AR Ak, X
I, B e B B AR S R OB IR S S h AT A i R T
k. ZEIESEEG 4% 1 IL-12P40. IL-12P70.
IL-1BTNF-o IL-8IL-18.IL-4 FI IL-13 3t 8 Ff 41 Jfiy
IR 7 SR 3k 47 Ol BUBUCRE 7 Ve 40 M IR 7 i i adk o JE et
i, HAG TL-8 A TNF-o 75 554N 6 B g s A v 45
B AR AE o A 48 PR DR - 3R 0K 57 AR B AE E S i
Ja A 0 AR AR, DR R AE A 5T R, AN AR A AT O
%] IL-8 1l TNF-a 7E 2 M BUAL & ) b i3k 4T W 8
IGAUE 45 5 .

IL-8 & —FER ) iz a7, B 5 2 M %
PRI ) R AR R B IR OG5 B8 V6 A T bk L 48
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IR T A AT D W A P R 4 T B AZ 4l iR . R
W FUUF SE A 2% SO R 1% 51 R b 0 20 i 355 % b
FH TL-8 7K ) S 35 488 0100 AR BT 7T A e BRI AR
RIrh R B THP-1 A0 IL-8 (S B R EW N, 52
AT (VR 22 SUBCPE I 70 45 A 2R R g
F T AT A0 32 3R ek R 2H A 3 AT O IR S L TL-8
K P55 R AT AH G 30, 5 T i e AR ), U B
THP-1 4 fi 75 4% 52 — 52 7 & 1L B 5 )5 2 R
TL-8 7K F /NI B 38 n o TR AR BF S0 R B 1 2% 52 iR
U5 TIL-8 7K1 LU BB A 2 15 W3 PR3, 5] A\
73— AN E BN R bR, RIS 5 oK B 4 TL-8 7K
FHIHAE .

S R R A L 7 B R 4H AR IL-8 K P T
Al g A& A 505 1 4 (reactive oxygen species, ROS)
A2 B THP-1 40 M A F ) 45 51, 78 T 4k 22 B8 5 40
IL-8 7K1 4 35 1K , S 38 ik i B8 55 b B B T ROS
(R o 5 6 BUBGR FHEE I ORI B S R A, 22
I B IS TL-8 7K1 5 A HE S 4 A b S 3538 o, X 2
ZARY) S BUBCE R R S FE R S R . T
28 3k T HE S A 3L T Ak R A A S DR R
AR, IL-8 ZKFA B T B, (BT B35 KT TlAL 38 R
HRSRT2H , 7 B ECAE K T 10, 3% 2 20 0 T4k 28 B 5 )
TH B T I X T B P A A AR B 1) SR B
TER R SZR M . X MY 45 LU0 E T /R Bl
6 BB R B RR A5 R o 5 AT [
A GBS FE O S, AT DL AR i
B8 (0 7 VAT VEAN S )

%F B B BUE57 DNCB.L CHD BB, 78 R 4
PR 2644 N, THP-1 40 i TL-8 1t 3% 32 BRI B o) R 4 3
EWm. ZGRRE S, K SUBGRI ALY 1L-8 KT
9k 2Tt =y, (H 1 0 i R B Iz G K T 6-MC R PABA
6 BB B 1 AR AN B, RS 5 AR R G 2H 1Y TL-8 L
E 38 /N 100 (R AT DL 8 39E 47 o FE S R o 2%
PETR R DL K ' B8 56 5 TL-8 384 i Ay i 5 55k ol
BB Rz ik OGR4 T 45 0

ZEG AN R BG40 M A 7Y ) 45 SR L 7 R
S AT IL-8 Rk & Ho A KT 10 15 32 il W e 80k
PEBE P 1 4 e AR o ARSI R GRS E A
B, B8] 0 75 AR K SR B F 98 R i R AR B AT 3 — 2P
IIE

TNF-o [F#f & — R E BRI R KT, /£ LC 4
BCAFIE R 1 I F2 b k4% T B B AP, re g 3
PR BAL A 20 O 5V N B A % T 40 L ) 4
BE RN, 1 22 WF 78 & B TNF-o 78 o 4501 22 fi 1 17

REEHEFFHERIE. AT, KD TNF-o /£
B R YR b B A TL-8 HALLA A2 A Bl AR L H
FLAE G SRR HE 45 R B AL R OA LA ] 2
/NFIL-8. BEAE AR C B )€ TNF-a i)
R AN B, 7 B AE R B BRI b
ik .

AW SRS T CLAR M IR 5 9 T FTdE B i) THP-1
S O BB SN PPN T 1% . AEARSEYS RS, KL
S 26 AR TL-8 JRAA KPR A6 12 PR b & P e 3L
BVE BT AR AR B B I RV A% A
W FT op 3 5L AL & 0 ' B SO AD J5 v Bt
—PHEE ST REATIRIE.
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