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Morphological Characteristics of Rat Submandibular Gland Cells
Co-Cultured with Silk Fibroin-Chitosan Observed
by Four Types of Microscopic Techniques

LIU Yan', TAN Xue-xin'”>*, LI Bo', YI Xin', JIAO Zhen-tao’, HE Yang-yang'
(1. Department of Oral Anatomy and Physiology; 2. Department of Oral and Maxillofacial Surgery,
School of Stomatology, China Medical University, Shenyang 110002, China)

[ Abstract] Objective To observe the morphological characteristics of rat submandibular gland cells (RSMGs) co-
cultured with silk fibroin-chitosan, (SFCs) by inverted microscopy, scanning electron microscopy ( SEM), fluorescence
microscopy and laser scanning confocal microscopy (LSCM) , and provide technical support for observation and evaluation

of cell growth on three-dimensional (3D) scaffolds. Methods The submandibular glands were excised from SD rats at age
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of 0 to 8-days and RSMGs were primarily cultured, purified and subcultured. The origin of cells were identified by
immunocytochemistry ( CK8 and amylase). Then RSMGs were chosen for the further studies when cells reached 75% to
80% confluence. Meanwhile SFCs blend membranes (5 mm x 5 mm x 2 mm) were prepared. RSMGs cultured on the
scaffolds were monitored for 3, 5 to 7 days. The morphological appearance of the seeded scaffolds was observed by inverted
microscopy, SEM, fluorescence microscopy and LSCM. Results Living cells that were seeded on SFCs medium of 3D
scaffolds could be observed directly under the invert microscope. SEM showed the surface ultrastructure of the complex
growth situation more clearly. After fluorescent staining, cells anchoring on scaffolds were observed by fluorescence
microscopy and LSCM. The fluorescent signals of cell nuclei were evenly distributed in the pores of scaffolds. Through layer
scanning and 3D LSCM reconstruction technique, images of thick specimens could be obtained. By rotating the images, 3D
profile or whole structure could be observed from different angles and more accurate information of positioning could be
obtained. Conclusions All four kinds of microscopic techniques can be used in examining the co-cultivation of RSMGs

and SFCs. Images can be observed more distinctly through 3D LSCM reconstruction technique combined with fluorescent

staining technique. It has a wide application value in this research field.

[ Key words]

Tl 200 L S ERBAOREFN A - S22 52 5 W B R
HERZBAATREAR " MH=REE . AAT
A T JIR AR 235 ) 10 468 5 o o, st ) X — R i
o H I R _E IR T PR T AR 53 6 A P (ke
S JRg R T i YRR 2 BE 3 K S K I YRR R
R T HREE GRS ) o WERH LI AN 2 WLV Ak 4 i 7E
SCHR B RER oA A A ROR I RO
LA SEM 78 2 20 TR 7= ) A9 8 28 2 WL v 5
o BT KRBT IF 401 (rat submandibular gland
cells, RSMGs) 5 22 & -7 8 ¥ (silk fibroin-chitosan,
SFCs) E EWIHrAMAE N S mm x 5 mm x 2 mm; A<
SEYR IR B TR AR A A UK R I R Ak R R 2290
WGBS, 5y — I m A T EOL R A
iR (LSCM) £ R HEAT WA, LSCM J2 Kt J2 4 4
9 TG 13V St 2 ) i B = e A AR Y A
LA R B 1) R T A 4 R g DL E
T AR %) RSMGs 5 SFCs R Sh 15 % 1Y JE
A PEAT TN, B AR AR E Y PR AR X T
FEVTAl A S 20 21 TR A R R R 25 A 1 1 o

1 ##m7FE

1.1 SKEHYREZIRF ALF

SCYGHI 0 ~8 d # SD B, AN R 14 25 8
~ 10 g, iy A [ BE R OR 4 52 5 sl ) e 3R 4t (SCXK
(11 )2003—0009) , DMEM/F12( Hyclon, USA), i
M3 (Hyclon, USA), % M B ( Hyclon, USA)
TUAN M A £ 1B 5 BE BT 1A (CKS, Sigma, USA), 4
VE K5 B L 4K (anti-amylase antibody, Sigma, USA),
FhifR 1eC (L8, h ), DAB 5 @l & (1 £

Tissue engineering; Submandibular gland; Silk fibroin-chitosan; Microscopy techniques

o g E ), 5 6 Y Bl Hoechst33258 ( Sigma, USA)
Hr 22 CIARARME R AE R B ), e RO (B S BEJE >
90% , TL7538 2% AR Wy il ), 48 A 22 R B K
M A & 48 (Olympus, Japan) , JSM-T300 % £ ifi B2
B (HEAR, HA) 26 R M5 (BX61 + DP-
71, Olympus, Japan ), i o6 F71 # 3£ B £ & # 8
(FV1000S-SIM/IX81, Olympus,Japan) ,
1.2 7%
1.2.1 RSMGs {hoh T 3 B alifl Je %52 - J 0 ~
8 iy SD R, Wraivkab st . A RIS =
BB T BB IT, 58 4 7 B T 52 B B XU A6
Ji o o3 I AN M R T v T | ol R 2T 4k &5 4 20 4L
PR AU RE AL 0. 5 mm® /NHRL, I 3457 4 - 4 T
ML B B A 55 FR LI . B0 AL L 60 E B RO, A
37 °C CO, B I M E 4 h, 2 ZUHR NG BE , A i
HE A 10% 6 4 L #) DMEM/F12 5555 56 1 B 5
TRk 5% 0 24 h J5 AN ES 3R 26 1 mL, gk 22 B
Fro 4 dJa ARG, FERERBFAM, LS
T2 ~3 d W, Al MKW R, 456 B E 1L
222 UG EE L 43 B 4l Ak RSMGs I A2 AR5 37, xS
BRI 565 2 AR 40 MM T o280 o 1R W i B
WL ZZ 40 LI 25 2 A2 4k

s 2 A8 RMSGs, PBS ¥ WUt 3 W, HI &
0.25% R H I ,0. 01% (w/v) EDTA {95 3 T 1L il
JIGER 20 LB o A 2 T A, el P A v A i Al
SABC AT CK8 J amylase Je ' Horf—4i
PUAN M 1 2 1 R 5 B BT AR (CK8) K470 vE ¥y B fi ik,
N ESUR 16,
1.2.2 2R -Fe R SCBR I 45 5 Ak 3. 5 Sk
w22 BT RS R A 2 R W, K IR S



72 hE LA PE 2 R 7 2012 4FE 2 A 45 22 %45 2 ] Chin J Comp Med, February 2012, Vol. 22. No. 2

HEABTAES (B4 F 50 3500 D) i #r , 74
RO FEWwA A o R K52 BT 2% 11
R b A B 58 R WA o SR LA Y
24 F VWA 5T R WP IR 75: 25 (v/v) TR IR A
BFAESBHETEIT R TS, K2 R -5E
S A W 28 R P R T ST TR A 75% T8
KP4 G RIS 12 h KB, )5 B G PBS
W pH 2 7.0,1F H .

1.2.3 AU TR AR VE B A 2540 1 AR S Al 2 . 75
W TAEG IR 22 K -2 R L (5 x5 x2) mm
A 24 FLA A, i A DMEM/F12 JERl 5 55 FLIR 9 .
JRUEE B ST FL IR N B PBS IR, B 2B SR A
TRAR R L W B R B, W SR E T 10% iR R
M35 ) DMEM/F12 Ki 3R 30 F 12 h, 5 2 RAEIE B
TR T WS B o JC TR S BE R Al L, i 0. 25% J
B L RMSGs 40,318, #% 1 x 10° 4~/mL %
B AR T L R T R SRR R
11 43 4P 0. 1 mL 40 i B, BRI ]2 h, 4 h J5
R IR R 1 d e 1R

1.3 MFHARE-ZEMAHMESEFESERN
131 {55 06 K Bl T RMSGs 22 K- &
WESCIR AN ML Gk SR 3R . eSS 357 KA
A ) B g

1.3.2 HAHEBE (SEM)  EBGHR L1558 3 5.7 d
WIPRAS LA 3% I RV W18 o, PBS Uk 3 IR, S B4y
SR G K B SR LT S TR BRI AT
MR JE W4 E S, SEM BE T WA AN S KR Ak
KR s 4 o

1.3.3 3Ot e BGR 3E 85 3% 3 5.7 d b5
AR ERA OCT LS & L, TR wY A AL
(FARMEETE —20 CLLF) LI BUEE R 6 um 1y
VKR R R A A R R 10 min, £5 )
[l 3 I T 3% F PBS 1 10 min P25 OCT, 2y
Kl Hoechst33258 ] X 7% /K Fic il A% it & ¥& B A 10
mg/L W, WY A2 = 5 F iE 10 min, H
PBS ¥R Uk 3 IRBEIK 5 min, [V 7E kG IR & b
HEAT , O 4 A BT 2 e v K Rl B o RSOk
T T AT ERCR AR

1.3.4 LSCM: i /e aM L RE AW (5% 5
x 2)mm RZY]F AL 58 B B g T R
B ke, 20k LSCM 2 4l = 4 Sl AW
SEARAINF 1Y) 21 40 T RR AR AT R L 40 A A B A AR
KB

2.1 RSMGs WA KRKEMERLE

RSMGs JFLAR 85 3% 175 10 119 {51 & o fof 4% T WL 52 v
W, 24 ~48 h J5 KE 021G BE o J5AR 240 i I 21
SUHh Gl b, Yotk RAF53 ~7 d 5 4 2 L
AU SR RS (B TA) . &0 B 4lifh
FALARIG L5 2 AR 40 A K0 5 )2 5 4 A HE 51 4 R 1y
A, FEE 3 FOBA, BEDE 5 40 M 2/ E 8 40 i
AR IE i 240 M —FhOJE 25, Horb 2 /8 8 40 i %k 5 A8 Xt
Z (FE 1B) ., CK8 325 40 iy 1k 24 Ye (0 52 FH % (&
1C), E B G528 40 M fh 2% e 0 L2 B M (&) 1D) 5 42
AR AAINRE FE A AT B A0 AR T A 2R A
2.2 FAMEERNELIEAUMTRESERMM
ARREHIE
2.2.1  f8)E WU WLEE : RSMGs 7E 22 % -5 B i 4t
TR S P AR 3 R, AT #E SC i 4 R R W4
)R 53 240 RO B A SCHR P, A0 i 2 AR 3 R
BT o S B PR O B G A ME R SR (I 2A) . 5 S
R e Sl 40 3 4 22 A0 iR A T 3G 0n 4K T 400 R A S 4
DA R R RN A= A 5 AT N e T B U (18] 2B)
557 ORI ST AR R A A A K A i B 1 K B
o, HMM R E RS AR, CRRER S
A R L R 2 B VEAS (] 2C)
2.2.2 SEM Wi%% . RSMGs 7F 2 % -7 B b 2 IR i 5
WK 3 R AT M R, B H o 40 M 3 i
R G0 T A LS R, A 1) S 4R 6 R P
AT T A K I B R A R 4 A0 2% T 2 B
BRIE i A 10 S A0 i R 22 . AN e ST AR A R 1 AR
FOREBAF (K 3A) o, 55 5 KB4 g 3% 1w w] L W] 4k
"y 1 ok 28 R AR AR s A 43 0 K R R R
BAF 1) 4 B A0 5 5T 200 M 7 S R 3 TR 1] 4% A ) i
J&, BB ERAE R RS R4 (B 3B) . 25 7 Kt
oA Rk 2 T 11 440 i P S B 2 L A0 5 A0 )
DA O AR 3 3 T DL B 58 4 S A A R AR SRR
AT S22 DR A 400 L, 7 4 i AR RO AS A (81 3C)
2.2.3 POLRMBE G WSS 1EL R -7C R ILIR
SHE R K RSMGs 9 4 M K% F 9€ Ot 4 B
Hoechst33258 4Lt , 7F 460 nm 3 & OCTE T % & T
N L OF 7 R O (BN R A O I {0 R A
BN Z RN CTR IR 2 e A gk R O ER R
Xt I LAIR A3, R — LB R 7E 620 nm 3R SR



AR 2 A 2012 4E 2 H 55 22 555 2 5] Chin J Comp Med, February 2012, Vol.22. No.2 73

THCRE, e E 4 SR X EM R EHa 6, I
Vo 7 T R A B . A R R T A R A
WY EEME NSO aRA 6, W LA
G 3 KRIE, RSMGs 40 k% i1 A SR
[ T oAV [543 B AT DL o 4 i A 4 40 A A
AR AR IERRE b 55 TR St 40 3 T A0 e P
B R R ST R R 20 IR B AR S S
BOR BRI, AT (K 4)

2.2.4 LSCM W% [F] 5 i Be BT W20, 1 vh
VRS YL AYFB 0 RSMGs I jE#% , B B YL iR &
LYY N TR it LSCM JZ 4l — 4k &
ARG AT UL, RSMGs 7 22 25 -5% B0 3R 5t S 4
AR, A RIS i A R B R
OO % 59 R 15, A d . X LSCM 2 4l — 4
HAR R, B8R 6 U0 R ] DU AT 4
L) i ab 3, i H R 68 AT 2 BE WSS AR AR 1 = 4
T A A R PEIAR Y 25 R 4y BE R AR i (A
5)(F 1 ~3 WXE R4, - 4,5 W =),

3 Wi

I R Hh T 4% RS DR (& M AR 5 B AE L T JR 25
AR S PR T R AR L2 W o ek A B e 0 M R
2 ) B 0 U R4 8 ) R 4 B T, 5 M VR R A
I 77 A — ZR A I P B AN 3 T R R 2
TR TR IR RS R R AR
FIHAH ST R AR, 8 A 35 4 B A 3 1k, B
TELE AT BE L 5 1 A T U A 25 0L VE e 40 g
RSz Bk 10 A2 s 3 3 — BEWF IR R K
AR A, B TV 1 90 A2 19 U R RE 20 23T % ¥ L O
WM, X AR N RA A BB R
By sk s 2 KB (SF) R —Fh A 4k &
LT, B U0 R 19 A 2 A X TR RK B
AR 03 B AR S8 R L A P SRR L R
U 0 A AR 2 P (S 20 RS R 2R ) A0S b
B IG RE ME. 5E OB (Cs) 2 — Bl AT 2K LB R
SR (45 20 W LA RLIE B 0 O A A B R L
HEPE LA S 4 5 o7 A T — i AR B K 4K I
FIE A AR, 400 E = F M3, Gobin AS %
¥ SF 5 Cs R, @ —Fh 5 [ SR 2K
FLAT B0 (9 L4V AE 5 1 2 0 T 8 A Atk T L 1
SEPERE M) ST YRR o She Z. %3 3o 8 57 AR e 4T
HMEHE( FTIR ) 1 X-5F 2k 37 5T i 2R 3iF 52 T SFCs 2

—F B A L AL G L Rk R E SR AR A
RATAERAY . g B =% LR B H ], SFCs 32
B4 T 40 B R PR 5 8 AT R AT LB R . MTT
VA FE B, SFCs 7 40 AT LA B T 930 40 334 4, 2
R TR S 5 T

LSCM 2 LA {5 5 78 2000 s AR i, 9F 7T LA
e JH 4% Bl RS 0L 00 BT 00 T B R HE AT IR R b
#I7TS LSCM i AT A A 40 40 i B 2H SUR B R AT
el CT W2 1 09 03 03 1 5 Sl 1) A B = 4
b T I LR A LA R R 1 A 1 4 B
S A B R AT R LSCM BRI T
e R SRR G S A R E A A
M2 1228005 M AL IR SR e 25 Y A
RN AT 5. A SR H LSCM Xf RSMGs &
SFCs fRAME I R M AT E I =g sk, fE R
TG 2 — " LSCM AT L3k 15 57 4 K
R Y R R 25 T4, A = S7 I B3 T i A
PUT 40 i S 205245 W 1 P T S S

AR SCYE I, PO R B R 2 AT R RSMGs 5
SFCs PRAN L1 55 B0 A S R A o 50 8 S0 R0 R A
B Bl 28, il TR O SE B0 A0 S ST e
T 00, WL (14 5 BF 82 W& A1 . SEM A LI BHF L 2 00 Hb
L5 211 Jf0 =2 240 A2 45 W 1) 26 T R f3k 45 4 , G i L %2 3]
ERIE g5ty o 280 400 A AL B, 9O B A BE
AT LAV o 9 U 240 i A S R A N AR K
B W TR SRR A, K LSCM 45 & = 4 i it 4%
AT LR 4L 80 U0 F Ab B, 45 4R 45 175 06 L RS o
(1 40 JE T S 4R R T B TR R A KRB O B 5K,
B4 T I G L R 5

SE

[1] #EW. AATRMERSAKII]. b EBE &R
ik, 2008, 22(2) :228 -229.

[2] Ingber DE, Mow VC, Butler D, et al. Tissue engineering and
developmental biology : going biomimetic[ J]. Tissue Eng, 2006,
12(12) ;3265 - 3283.

[ 3] Hoppe AD, Shorte SL, Swanson JA, et al. Three-dimensional
FRET reconstruction microscopy for analysis of dynamic molecular
interactions in live cells[ J]. Biophys J, 2008, 95 (01 ) :400
-418.

[ 4] Debailleul M, Georges V, Simon B, et al. High-resolution three-
dimensional tomographic diffractive microscopy of transparent
inorganic and biological samples[ J]. Optics letters, 2009, 34
(01):79 -81.

(5] w88, H0, 20, % A2k 338 KBS T IR 40 A
s B (1], P B R R A 2 i, 2010, 39 (3) 194



74

i E AR BE R 4R 2012 422 H A 22 45 2 8] Chin ] Comp Med, February 2012, Vol. 22. No. 2

[6]

[7]

[10]

[11]

[12]

[13]

- 196.

Hokari S, Miura K, Koyama I, et al. Expression of a-amylase
isozymes in rat tissues [ J]. Comp Biochem Physiol. Part B,
Biochem Mol Biol, 2003, 135(01) :63 - 69.

Gobin AS, Froude VE, Mathur AB. Structural and mechanical
characteristics of silk fibroin and chitosan blend scaffolds for

tissue regeneration[ J]. J Biomed Materials Res, Part A, 2005,
74(03) :465 —473.

Altman AM, Yan Y, Matthias N, et al. TFATS collection;
human adipose-derived stem cells seeded on a silk fibroin-
chitosan scaffold enhance wound repair in a murine soft tissue
injury model[ J]. Stem cells ( Dayton, Ohio), 2008, 27(01) .
250 —258.

Kazama JJ. Application of confocal laser scanning microscopy to
the observation of bone biopsy specimens[ J]. Bone, 1993, 14

(06) :885 —889.

Zarrinkalam KH, Kuliwaba JS, Martin RB, et al. New insights
into the propagation of fatigue damage in cortical bone using
confocal microscopy and chelating fluorochromes [ J]. Eur J
Morphol, 2005, 42(1 -2) .81 -90.

AL AL, SR . VEMRPOT MR i B s e (U] th
FE S FRERHAR AR, 2008, 1(3) 1129 - 132.

Yang TL, Young TH. The specificity of chitosan in promoting
branching morphogenesis of progenitor salivary tissue [ J ].
Biochem Biophys Res Commun, 2009, 381(4) :466 —470.

Tran SD, Wang J, Bandyopadhyay BC, et al. Primary culture of
polarized human salivary epithelial cells for use in developing an

artificial salivary gland[J]. Tissue Eng, 2005, 11(1 -2) 172

[14]

[15]

[16]

[17]

[19]

[20]

- 181.

Thimm BW, Wiist S, Hofmann S, et al. Initial cell pre-
cultivation can maximize ECM mineralization by human
mescechymal stem cells on silk fibroin scaffolds [ J ]. Acta

Biomat, 2011, 7(5) :2218 —2228.

Maria OM, Maria O. Liu Y. et al. Matrigel improves functional
properties of human submandibular salivary gland cell line[ J].
Int J Biochemi Cell Biol, 2011, 43(4) . 622 - 631.

She Z, Jin C, Huang Z, et al. Silk fibroin/chitosan scaffold
preparation , characterization, and culture with HepG2 cell[ J]. J
Mater Sci. Mater Med, 2008 ,19(12) :3545 —3553.

Soleimani R, De Vos W, Van Oostveldt P, et al. Two novel
techniques to detect follicles in human ovarian cortical tissue[ J].
Human Reprod, 2006, 21(7) :1720 - 1724.

Deng Z, Zink T, Chen HY, et al. Impact of actin rearrangement
and degranulation on the membrane structure of primary mast
cells; a combined atomic force and laser scanning confocal
microscopy investigation [ J ]. Biophys J, 2009, 96 (4) :1629
-1639.

Johnson JE, Perkins GA, Giddabasappa A, et al. Spatiotemporal
regulation of ATP and Ca’* dynamics in vertebrate rod and cone
ribbon synapses[ J]. Molec Vision, 2007, 13.887 -919.
NG AR B . AR R RS AR R SR RS LR R 1 A
KGR AR LB [T 1. R R AR 4k, 2011,
21(7):13 - 16.

(&= B #3)2011-09-09



