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ABSTRACT Objective: To evaluate the effect of different cold atmospheric plasma (CAP) treatment on
the surface chemical and physical properties of zirconia and adhensive behaviour of human gingival fibro-
blasts (HGFs) cultured on zirconia disks. Methods: The zirconia disks were divided into four groups
and treated using helium, argon and mixture of argon and oxygen cold atmospheric plasma for 90 s or left
untreated. The surface morphology, wettability and chemical elements were analyzed right after treat-
ment. Human gingival fibroblasts were grown from biopsies obtained from a periodontally healthy human
subject during periodontal surgery. HGFs were seeded on zirconia disk, and cells density was measured
at the time point of 3 hours. Indirect immunofluorescence (IIF) was performed for morphometric exami-
nation at the time point of 3 hours. Results: The crystallographic structure of zirconia was analyzed pre-
viously and the results suggested that it fitted the properties of zirconium yttrium oxide. After helium,
argon and mixture of argon and oxygen cold atmospheric plasma treatment, the surface morphology and
roughness of zirconia disks remained the same. The contact angle of zirconia decreased significantly (P <
0.05) after CAP treatment; from 68.38° to 17.90°. After different CAP plasmas treatment, the atomic
percentage of carbon on the outermost surface of the three groups decreased, as did the surface C/O rati-
0. The surface C/O ratio of zirconia decreased from 1.07 to 0.33. Fibroblasts density increased on CAP
treated disks, especially the ones treated by mixture of argon and oxygen CAP(P <0.05). Cells of the
three CAP plasma treatment groups spread better and had more protrusions, as well as larger surficial are-

E&£WHE: ERARP¥34 (81801013 ) Supported by the National Natural Science Foundation of China (81801013)
A Corresponding author’ s e-mail, liheping@ tsinghua. edu. cn, kqtanjg@ bjmu. edu. cn
P 48 HH R B 8] :2019-2-21  15:35:52 4% HH Rt dik : hitp : //kns. cenki. net/kems/detail/11.4691. R. 20190221. 0957. 010. html



EI A SN -

oz )

- 316 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)  Vol.51 No.2 Apr. 2019

as. Conclusion: Based on the results of this study after being treated by different kinds of CAP plasmas
for 90 s, the surface wettability increased and the elements changed significantly with no changes in the
tomography and roughness of the materials. The CAP treatment enhances the adhensive behavior of fibro-
blasts on zirconia by increasing the oxygen functional groups and promoting the cell density. Wettability of
zirconia, an important physicochemical property, has a vital influence on the cell behaviors.

KEY WORDS Zirconia; Cold atmospheric plasma; Fibroblasts, gingival, human

FI 20 40 80 AEARLIK , 170 Js Ao vl e R A T
R RIS, U ERE B 5 C 208 W o 51 s |
FHNERR B EIARYT 55 o iR AR L A 2aa
FERE G bR F BT 4E S5 B T R R S 45 4
T F8— P 3 A 1 B 1 < A 11 7 254, Bl — Fh P g
VAP R — 4 A LA R oA A e A2
A PR PREE v 032 Al B HA BOR R TR AT AR F
Kake o4 A o okt S B 41 8045 3913 3
& 25 -G H 3T W A E &2 1 D Re S 6 F RUR
AL B RS RAF A HLARE RE A= 0 AH 281 B 56 2 1
REAE AL B A RHERT A 567 XA B B2 BA AT Y
BEHETR . AFFE R, AT R B, MRS &
55 Ja A 2 2R R 45 - 52 ik 5 2R T P 1Y) 52 i B
R TR, X A e AT T e R
T X A A B T R ) AR AR A ] T AR 2
AR MRE R A T EE

SR AR — R LA R L T O R
3 ) R 2, R TR ¥ 55 B T 1A (cold
atmospheric plasma, CAP) BG 75 KA BT
JHCHE, LI T R A IR ) R, T I I e
CJ M THRAERY ORI R E AR
PRy Y o A ZH R AR A AT W B RS
FETRC Ve 55 B IR AL SR AL B S, AT AEAS U R
RAESATEOCT i 58 A A g R mi ek, 4
e N A R ST 248 2 L 286 FF A DG 5 PR 7 42 38, DA T 34
LB (R R

AT — PRI ) R v S5 1
PR EA JE 5 BOE T B R J] FRL R EH R 2455 1 5
M

1 #MR5ET*

L1 Al ny il &

HERT FAR N 1S mm, JRERE SN 2 mm {97765 B 4%
WAz Fa E PR A AL 85354 ( Zenostar, Wieland Dental
), FEE) IR B X (AutoMet 300. Bue-
hler, Waukegan 23w], 32 ) H] 60 wm 4 NIFM 4%
(EAZ25 mm, JREAEBEEHRAGR AR, Jta)
RITTEIG

FEHEAT 2 T AL JAT , F 1053 B FE T K S M

FE K Uk 20 min, TR
1.2 CAP abPRAA AL i1

i PRI AR 2 % B - IR BB A 2 S At T
P P Rl 38 15 B AR A BRA /A0 & 19 55 85 1R
ARTTCHE 1) Ab AR R . 2R TS T[]
A BTRH PSR 254, = R AR HAR 1 mm (Y
AR ANEEA NS 1 mm FME 2 mm (IR K
J R AR DU e P 4] 9 ety S8 AE M S 8 mm . AR
6 mm FYBEEEAE | T AR 4 2% 3 55 45 R] 1) 25
[ H FE 0 T AR, TEA M N R AS T S A E IR
LIRS 100 - o N NS B R R N
25.25 em®, HE U5 3K B 4 R O 26 kHz, Jif ML HJE
4.64 ~4.72 KV, RE IR K 0. 44 Wem',
TS 0 R FH R A BE T8O, o 1 e s SO0 e vk
JE TAEA AR IR AR, FEAL BRI A TR R e
1 min, DS AT REHEZS A0 PG Y HAR E] 1 25 <o

fie i FaR b 37 2,20 il 3oy oy 4 A
W5 R, 0dHWNT A1 L RERIERBRES T
RAEFRATXTRRZE (C 2H) s 41 2. A AR TR R 4
BIFIARLLIE 90 s 4 (He 21) ;41 3 /A KTEIAER
LE TR0 s 24 (Ar 41) ;41 4:95% /A, +5% A,
SRAETHHRRSF TR 90 s ZH(Ar+0,41) o

Gas cylinder
He
Ar
Ar+0,
Plasma
generalor
| Zirconia
disks

Bl FHTEFARIISER
Figure 1 Picture of the CAP Med generator
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Figure 2 Surface topography observations of the zirconia disks by SEM ( x2 500)
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Data are shown as mean + SD (n = 15). % P < 0.05, vs. Ar group;
#P < 0.05, vs. control group. CCK-8, cell counting kit-8.
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Figure 3 Quantitative measurements of the HGFs on the control and
CAP plasma treatment surfaces, cell attachment after culturing for 3 h
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A, E, the helium cold atmospheric plasma treatment for 90 s; B, F, the argon cold atmospheric plasma treatment for 90 s; C, G, the mixture argon and

oxygen cold atmospheric plasma treatment for 90 s; D, H, no atmospheric plasma treatment treatment as controls. Cell immunofluorescence staining, A —

D, magnification is x 10, E — H, magnification is x40.
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Figure 4 Confocal laser scanning microscopy observations of the human gingival fibroblasts on the control and plasma treatment surfaces
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