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(' BB EMAXF LR FHE, S 230032;
PR BT ARLFREFHARZEFRERAE, L 237005)
WE BB BRI WSS = R A C60 X N-BL(2-¥2 T 3 ) WA e (DHPN ) 755 1) il e & A= 2 A543 A E A R L
Bliil. 773k R DHPNZROK 5857 K BUI IR AR 8 K 8 SRS M Fisher 344 ML 4 541 (n =15) : DHPN+Veh 41
(0. 2% DHPN+X} R ¥ ) . DHPN+C60-L 2H (0. 2% DHPN+250 pg/mL C60) . DHPN+C60-H £ (0. 2% DHPN+500 ug/ml C60) .
DHPN 41 (0. 2% DHPN) F1 C60-H 41 (1% 1K /K +500 pg/mL C60) . /K H 4T 0. 2% DHPN, 3 sh U2, 2 )5, RASAE N
T35 B 51, 20T AN IR B B 5 s €60, 5 2 JEINE 2% 1, 420 V0 45 20 YRI5 55 2 JEUS L e Tt v Jeg (s AN IR ) i % Ak 28 %
HHKN . TEBIMILEIDTIE 0 S S v, 8 I HEVE Fisher 344 K BALSY C60 4b BRZH FVAFI X ML (n =5) , R A %
B 45T 500 pg/mL & 4 COO SO FRE R, 45 2 dBE% 1 I, 365 Y 5 1IRIBEZ5 19 6 h 5, 43k BB , T T R ¢ it 2 21
& A CO0 1443 A L KRG I s 28 2t ARV A AR ) B AL B (SOD ) (8- F2 FE I 40 % 1 (8-OHdG) ANl F &, &R C60-
H 41 v 5 A X5 31 i i3 19 2% 2 s DHPN+C60-H 2Ll i 9ed 1) & A= %8 5 H AR /IR F DHPN+Veh 41 (P<0. 05, P<0. 001, P<
0. 05) F1 DHPN 41 (P<0. 01, P<0. 001, P<0.01). TE73 #MILHIBFIE 39 5296, C60 4341 SOD 5 8-OHAG 7K P34 i T 5l
XTREZH (P<0. 001 F10.001) , B MR 2257, 458 AUE NIBESS 10 = W & 1475 C60 {2 i T DHPN 75 5 i Jifi g & A= 5 C60 7

TR A R RN Al SR D 5 AT BE R Co0 fie ki e A A B BIL ] 2 —
KEIR I CO0s MR s N-XL(2-F2 N 48 ) MEAH e 3 U NI 55 5 Fisher 344 R

HESES R382.5
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& #4 C60 (fullerene C60, C60) 2 B Y 3= % [f]
RERIBR, T T DR b KAk
PR 2 4 a0 AR AT . N PR R R T R e I
AR BRI i R kA . tEmG G s,
i ¥ 2 % - C60 2 B IF B AT 375 2 40 | S i 214k A
IPIR R 2 CO0 Mk ik £ 30 mg/m* i, KLY
it 38 2+ BRI 08 40 G sl A E R ZH £ 40 i i
gt H H AT T C60 F &8 J5 1 AL WAl TAE ] K B
PR B FEATH R Ry 1B =2, HGE il 4 2 %) v e B0 A
FH B AR ML i A BB . N-XL(2-F2 TN 66 ) 0 il e
[ N-bis (2-hydroxypropyl) , DHPN | J2 £ L {14 il Jifr J&
WS, L R R AR T A RS A iE
7 Je 20 il P g8 ) 2 2B 2R 5 i C60 AR AT i ek 440 i
FAE O T T, 5 DHPN AU RN 7= A B
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AR PR T AT REMOE TR A B R SR R
JO7 3 DNA 53403 K 98 AiE 5 8 45 5 B B, Xt 2 A
WFFEARTT COO ili el e fie K BB R AL DTSR &R o Ak
FHUE R Z B R el R, hr B
B AT AR B I T A B 52 ) B9 e RS ke A A
L A TR ZTT ik, R GEMEE T 55 1
1o e EE C60 Xt DHPN 175 S fild i 88 14 02 1k 250, - T
ARV A AEAE FIALHL , S Co0 A BRI 2 82 By 37 &
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1.1 SEIEzh¥Fnsfl 85 H Fisher3dd K, MEdE,
8 JE U , Wy [ H A #1235 )1] Charles River i) H 0> o 1%
O SN AN TRVADNG M e L7 F (o BT R AR
it fE (4% : 20200173) . 5 mg C60 ( 3 [F Sigma-
Aldrich 2% 7 ; %% 5 : CN379646) & % T 10 mL &
0.5% IF B T 43 8 5 Pluronic F68 ( 3£ Sigma-
Aldrich /A 7] 5 525 : P5556) A A= BRER K P SR J5 40
513 HL (i 1 Kinematica 23 7) 3 845 . PT1600E ) LA
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3000 r/min WFEE 1 min, ¥ &1, )& 4 K, 6l % 500 pe/
mL [ CO0 AR - A NI 25 i 8 75 4% 31 30 min, I
D CO0EERE

1.2 SENBEE  E N WS A B g
7o Fisher 344 K BUAE S RULERRIE T, B2 5 KRR
T3k, DM A S AR M 55 i (TA-1B A,
2 [# Penn-century 23 & ) Wi 2= <45 N, K 0.5 mL
C60 2 R Bl 0T RE I e i -

1.3 ZHrEEEEW 8 AR HEYE Fisher 344 K
SUBENL 20 M 5 40, B4 15 H . DHPN+Veh 41 (0. 2%
DHPN+ X} I8 15 % ) . DHPN+C60-L 2H (0. 2% DHPN+
250 pg/mL C60) . DHPN+C60-H 41 (0.2% DHPN+
500 pg/mL C60) . DHPN 4H (0. 2% DHPN) Il C60-H
ZH (1E % KK +500 pg/mL C60) . KK 45T 0. 2%
DHPN, J& i BUs it 72, 2 5, RS W% 1 5
B, AT ORIR MR BE 1 & A Co0, 1 2 W55 11k, At
209K ;55 20 R W25 2 Al J , e i b 9 (DHPN 375 &
H5E Y rh 3 G RS A Sy R MR ) B R AR B
HAK/DN . WSS 2 a5, U414, SR ARG et
Yuta,, 2 2 WL I e Jeg 1 e A FE BCE AT AR
C60-H A% DHPN , {25 500 pg/mL C60, LI
£2 CO0 4= 7 LM BU

1.4 SHNHESRERMIGEIESNYEE
8 JE A Ik Fisher 344 K BEHL> B 241, B4 S 2,
C60 ZbFRZH (C60 41 ) - AT NI %5 45T 500 pg/mL &
M CO0 VAR ; VA I X HR4H (Vehicle 41 ) « <8 N
BT E RPN RS . B2 dBE5s 1R, L5k
B S VIRWEZ5 19 6 b Je 475 U, 20 it 346 D0 e 4
A9 B A (superoxide dismutase, SOD) | 8-F% F i
A 2 1F (8-Hydroxy-2'-deoxyguanosine, 8-OHdG ) F1 £
Tl 240 it DR 1, A i T 2 2 08 RN O S R B
K .

1.5 SOD.8-OHdG fnéifaEFHME Lik1.4
BB K B 22 il T SOD L 8-OHAG 1 22 F 441 fitg [H]
FE . BRI 4 DNA 5 iln & (H
ARFEAi 25 Tk Bk 24k, 5845 :296-67701) 43 B 5
ZH DNA, 9R 5 2% JH 8-OHAG ELISA 7 & ( H A
W& Ak 45 i B 5 BT, 9245 : KOG-200SE) ilf %€ 8-OHdG
Ko B AN T mL % 1% (Vol/Vol) 2
F1 it 00 057 ( 3E [ Sigma-Aldrich 23 7] 5 525 : $8820)
i 2H 208 (3R BG ] (35 E Thermo Fisher Scientific/
Pierce /A 7] 3 585 : 78510) ) , FH 4121 5] 3K HL I A% 2
W OIRIGHE 4 °C .10 000 v/min B0 5 min, FIEWH T

A B i SOD T g A PR K P E . 2R
BN sE FH BCA™ 5 € i 18R] & (26 8 Thermo
Fisher Scientific/Pierce 23 fl ; 525 : 23227) #:47,SOD
I 0 R P 4R A W B A A 0 3R] & (SE ) Cay-
man Chemical 23 7] ; 5855 : 706002) #1711 Fh 4 g
K404 1 40 i/ (interleukin, IL)-1o IL-1B  IL-
6 R 2 it - L 5 240 i 5 7 R0 5 (granulocyte-
macrophage colony-stimulating factor, GM-CSF) 4/ 4f
it £E V% 30 384 X F (granulocyte colony-stimulating fac-
tor, G-CSF) | [Jf 983 R %€ A 7 -0 (tumor necrosis factor-
o, TNF-a) . T3 2 -y (interferon-y, IFN-y) \IL-18 , HL
¥4 a4k 2 11 -1 (monocyte chemoattractant protein-
1,MCP-1) .5 BEAH A 98 5iE 25 1 -1 (macrophage inflam-
matory protein-1, MIP-1) | 4=+ A 5 98 5E A (growth-
related oncogene, GRO) , 2k FH 2 Al £ 357 &5 ( H
A GeneticLab 22 7)) #EA T &

1.6 ZARFFEGERE A5 A 2R
BRI R 2T AN LY 0 )5 e AR TG
705 (H AR Olympus 28 A 5 8845 : BXSIN-31P) W
5245 20 LR 9 B , R ) GraphPad 10 1 73 r
100 Jfili 2H 4L P& 45 b il fieb 98 1o AR 4 il 28 2 i L
TR R R [ R M ZH LR K B SR i 4L
1 mm )1 (BRI S e 5, I JEM-1010 32 5 #1455
(HAJEOL 2y Al 5 #4%5 . JEM-1010) WL%E

1.7 it R SPSS 22. 0 4k AT 434 o
g R VATIRSA R S g S R TE AN DN
8-OHdG FAH L [F 15 4, Bl + s o, R WUE
Student”s T 55 5 I8 & A= %R H 2 K0 5 . P<0. 05
hESAG R

2 #HR

2.1 C60 X DHPN i % H fifi B 988 % 4 B9 % Ml
DHPN 2 fili 2 20 P4 0] X 381) 21 e 384 A= il fig g 1 it
J g S A8 T 1A 1B 43 391 S s A 3 1% il g A
it B A L SR TR R o 7E C60-H 2 it 4] SR 5 5|
R, FR B C0 FR AN RS A M g e A

53 BT 45 4L Bl o ges e A R a5 SR 2 IR
DHPN+C60-H 20 A9 ifi [ 988 ¢ 25 283K 2] 100% , = T
DHPN+C60-L 21 (53. 3%, P=0. 013 33) . DHPN+Veh
4 (53.3%, P=0.013 33) #I DHPN 4] (40. 0%, P=
0. 000 24) ., C60-H ZH fiti g & A8 0.

2 0 g 2 K BRU %) RS T AR A A e 8 T
BURECH 45 2 1 iR, DHPN+C60-H 41/t i
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Fig.1 Representative lung tumors X200
A: Pulmonary adenoma; B: Pulmonary adenocarcinoma

120
i

—_

(=3

(=)
T

60 F * *

40

Pulmonary tumor incidence (%)

N
CbQ wa‘é\

N T o
9 9«38 0@

9*23$ wa‘e&

E2 HipEREER
Fig.2 Incidence rate of lung tumors
"P<0. 05 vs DHPN+C60-H group; **P<0. 001 vs DHPN group.

(19 %% B A BLUE T DHPN+Veh 41 (P=0.000 11,
0.010 10) 1 DHPN £ (P=0.000 48, 0.003 70)
DHPN+C60-L 28 fili e 1) %5 F Al i B15 DHPN+Veh
A DHPN 21 22 52 o4t A0 o A RSERARR,
DS g B i A A B E RN B A L R e
BH CO0 FZFEALIE T DHPN 7 & 14 fifi e i) & 4

2.2 C60 Xt DHPN i % HY & Bt J88 70 FR IR AR B E Y
oM X SR IR HUR IR A S T B )
LG R AT IR KB R SR R, C60-H
R B BEAT i 2 5 I e e AR AR U g, T He A 2%
DHPN 45 T2 3554 B Ak Ji 98 A0 FFAR R Rd K 2B 0 2
B B U AeE Ay [R) 5 20 Bt 9 (mesenchymal cell car-
cinoma, MCC) . % 17 40 4 9% (transitional cell carci-
noma, TCC) F1'B 4 )4 (renal cell carcinoma, RCC),

1 FHREREBEFER (x+s5,0=15)

Tab.1 Number and area of lung tumors (x+s,n=15)

Number per cm? of Area (mm?*/cm?

Group

pulmonary tissue pulmonary tissue )
DHPN+Veh 1.0+1.3™" 1.5+2.7°
DHPN+C60-L 1.4+1.6 3.1+6.3
DHPN+C60-H 4.0+1. 9™ 7.6x6. 1™
DHPN 0.4+0.7 0.6+1.3
C60-H 0+0 0+0

"P<0.05, ""P<0.001 »s DHPN+C60-H group; *P<0.01, **P<
0. 001 vs DHPN group.

7 HUIR B S 0B v 40 e A . LA DHPN 45
T 2L e R ER R B e K A SRR 24 e A
BINZER TG HE L (F2), FiRGE R EIR C60
F 50T DHPN 175 & 1) B JUE e R FF R B b g I i a2
YEF AU DHPN 75 % 19 il g A A A FH

2.3 E#E C0 EMALTHAHREXRFER
B CO0 R HE LI 45 S W , S x4 (&
3A) M B, C60 4k FE AL (45 T 500 pg/ml 19 & 4
C60) 11—~ 1. 35 1 A5 A0 A 5 RS R 2 LA 0 40 i oy
0 G s AN LYV, L I A SR AT, Y
A AR W CO0 FIURL (18] 3B) o 325 Hf FL B8 L 1E 5K
T A L P A R A Ce0 R (& 3C) o
X B 48 L 3 I B 1 400 X 4 K b R L
YEFAHAT

24 CORBXMALAFHNEMEFF=ENTE
Mg & FH Multiplex Suspension Array il %2 fifli 2H 21
P 5 B AN SC 1R A P ) i B
KRG EE RN 3, 25 Wow, 11 Fh 2 A 7% 57
Xif BEEZH T CO0 b 3 A VAT B i i AR, ¢ BH ik S 41 iy
DAL 7€ CO0 f& 11 i e v i) 1/ R B I

2.5 C60thiiZH 2R & SOD #1 8-OHdG By &M i
b F 8 G I i 2 21 SOD T 77, 45 SR i 7R , €60 Ak
20 SOD {1 Pk i F 3% 5 6 B 41 (P<0. 001) , 427K
C60 Z 75 1 i 3 il 21 23 v 8 41 i 1 2B W03 in .
ULE 4,

R2 EREMEFFKBRINE (v+5,n=15)

Tab.2 Renal tumors and thyroid tumors (x+s,n=15)

Renal neoplasm

Thyroid neoplasm

Group Number per rat Incidence (%) Pathology Number perrat  Incidence (%) Pathology
DHPN+Veh 0.9+1.0 60.0 1.6+1.0 90.0

DHPN+C60-L 0.8+0.8 60.0 3.6£2.5 80.0 Follicular cell
DHPN+C60-H 1. 1£1.1 71. 4 MCC;TCC;RCC 3.242.3 83.3 adenoma and
DHPN 1. 0+0. 7 80.0 1.9+1.0 80.0 adenocarcinoma
C60-H 0.0+0.0 0 0.0+0.0 0




+ 680 *

M ERMKFF®  Acta Universitatis Medicinalis Anhui

2026 Apr;61(4)

" A - s y
ﬁ&_ 5 lé 5.
s - ‘_}i‘ SO ‘A’}’i
s .
¥ -~ P

il Dy

E3 filiif B LA A C60 M S EE &
Fig.3 Morphological images of alveolar macrophages phagocytosing C60

A: HE staining of control solution-treated lung tissue
lung tissue %10 000.
3 MALRHBERTHNHAREFEE (pg/mg [, T+s,n=5)
Tab.3 Cytokine contents in lung tissue

extract (pg/mg protein , x+s,n=5)

Cytokine Vehicle group C60 group
GM-CSF 11. 07+9. 29 29.92+37.91
G-CSF 0.92+0. 14 0.98+0. 18
IL-1a 53.52+12.07 63. 80+27. 82
IL-1B 29.53+24. 68 23.12+11. 61
IL-6 47.40+74. 47 34.36+29. 33
TNF-a 3.35+2.90 4.16+5.42
INF-y 1. 40+0. 23 1. 77+0. 54
IL-18 888.20+348. 55 1 116. 87+224.73
MCP-1 58.02+63.73 32.25+30. 84
MIP-1 15. 62+7. 88 16. 11£3.53
GRO 381.32+184. 05 400. 87+166. 16
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Fig.4 SOD activity in lung tissue
"P<0. 001 vs Vehicle group.

i 12 ELISA A6 I fifi 2 28 vh 8-OHdG #Y /K-, 4
HE IR, C60 AbFRZH 8-OHAG 7K ¥ T ¥ 771 4 B 41
(P<0.001) , #2785 C60 kb B2 S BRI A h 54 1l
0, S G DNA Sk . WA 5.

3 Wit

UTAEA , B AR 2 0, & s C60
PR b 5 14 0y B S P o, J8A 22 o A ) 22 10
AR TE e Yy, e A e Vet 2 B 2 SR 0 4
Bl CO0 -5 R A A= B OC R E U WFFE AR A
HUR A MBS AR, AT IR AR B 1 — B
B EUm BB AUAR SC A - 1 il i oKk 45 7

x400; B: HE staining of C60-treated lung tissue

x400; C: TEM image of C60-treated
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Fig. 5 8-OHJG level in lung tissue
“"P<0. 001 vs Vehicle group.

fi e 2K B0 ) DHPN LI % iti S HoAth 20 20 e, B
J 38 U NSS4 T N [V B 1Y €60, LR X
Jiges % e PR EVE . SR BoR  RE NS AT
e g A 500 pg/ml B C60 3 20 W, i b8 1 & A=
R BCH KRR I, F B =R EE C60 M fiE
Jii fif 98 114 & A 5 {H C60 X DHPN 75 & F4 B Jik 1 FP IR
BRI O HEVE T . eAh, Bl 45T C60 A1 &
it e, P 7R AEAS SEIR AR BTN, C60 A B AN HAT 3K
Ttk

SRy itk — 25 ) B C60 2 1 il iR kA T ZE L
il W FE B T4 N 500 pg/mlL C60 JE 1 55 512
By, LLHERR DHPN X SZ 3645 S 40 .l 4154
R, CO0 A B Y il 2 20 H B0 1 DA W 4 Jif Ry
() S g% A0 i 0, ELOGSE S5 r e T BUg I i B
W 1 7 e T K CO0 b o X — RGN ERUE T
It 6 5 40 YA Sy il 3508 8 A UL A S B A
P B 28 B AT, B C60 NI 3 o 38 1% 1 v 4 g
5| i 8 i I 2 o i A I I 4 A W e i S
W UKL S 0 ) SR L B AEAIL R L 2 Co0 iE AR
IR o A R ey e T R SR |
UL W e R A PR g R R N 5
Park et al " RIA Y45 R — 3, L Hribd4 5
F 5% 441 6L RH DG % 11 b 48 fifg PR 7% & s, €60 Ab 3L
FIUGT B Y B) 5 A B B 25 57, 1 SR R T 7 €60
AV T i fe g e ) A R B
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Reactive oxygen species mediate promoting effect of

fullerene C60 on DHPN-induced lung tumors
Zhang Wen"?, Xu Jiegou'
(" Dept of Immunology , Anhui Medical University, Hefei  230032; > Medical Laboratory Teaching and
Research Section, Department of Medical Technology, West Anhui Health Vocational College, Lu’an  237005)

Abstract Objective To investigate whether fullerene C60 administered by intratracheal spraying promotes N-bis
(2-hydroxypropyl) nitrosamine (DHPN) induced-lung tumor development and the underlying mechanisms. Meth-
ods A rat lung tumor model was induced by the DHPN drinking water method. Eight-week-old male Fisher 344
rats were randomly divided into 5 groups (n =15) : DHPN+Veh group (0. 2% DHPN + vehicle solution) , DHPN+
C60-L group (0.2% DHPN + 250 pg/mL C60), DHPN+C60-H group (0.2% DHPN + 500 pg/mL C60), DHPN
group (0. 2% DHPN), and C60-H group (normal drinking water + 500 pg/mL C60). 0.2% DHPN in drinking wa-
ter was given to initiate carcinogenesis, and 2 weeks later, different concentrations of fullerene C60 were adminis-
tered by intratracheal spraying every two weeks for a total of 20 times. Two weeks after the last spraying, the inci-

dence, number and size of lung tumors were statistically analyzed. In another mechanism animal experiment, 8-
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L S180 P9 PD-1 32 (A H%% T PET/CT AR WF 58

WORUE IMIRE AR WO A VLR AR s A
[ M BARER BA CmEA, M 5500027 8L EAKFE —ERESER, T3 563000;
MBI T ER R EFA, UM 55002554 bR K A E R B AR R A A S HALE AR 2R
FEEEFGT) AR EYAAESFNEL LR T(BRGENFF2E),T  100142]

WE BHH IR TZ K- 1(PD-1) 2 FIRER, U IE B 7 & S 12 AR A AL B AR (Micro-PET/CT) JC A1 &
15/INERL S180 PRUJEE T PD-1 BRI AT AT . sk T3 S180 PRIJR A M v G e U ik gl ST % JE IR PD-1 €57 S180 AR /1N BR AL TR
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week-old male Fisher rats were divided into two groups with 5 rats in each group: C60 group and the control vehicle
group. 500 pg/mL C60 or the control vehicle intratracheally sprayed every two days for a total of 5 times. Six hours
after the last spraying, the lungs were removed and used for observation of C60 distribution and for detection of
SOD, 8-OHdG and cytokines in lung tissues. Results No lung tumorigenesis was observed in the C60-H group;
the incidence, number and size of lung tumors in the DHPN+C60-H group were significantly higher than those in
the DHPN+Veh group (P<0. 05, P<0.001, P<0.05) and the DHPN group (P<0.01, P<0.001, P<0.01), re-
spectively. In additional animal experiments designed for mechanistic investigation, the levels of SOD and 8-
OHdG in the experimental group were markedly elevated compared with the control group (both P<0.001) , with
statistically significant differences. Conclusion Intratracheal nebulization of high-concentration fullerene C60 pro-
moted DHPN-induced lung tumorigenesis; C60 led to an increase in reactive oxygen species (ROS) production,
thereby elevating the potential for gene mutation. This may represent one of the mechanisms underlying C60-in-
duced promotion of lung tumorigenesis.

Key words fullerene C60; lung tumor; N-bis (2-hydroxypropyl) nitrosamine; intratracheal spraying; Fisher
344 rats
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