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Abstract

BACKGROUND: With the in-depth research of hydrogel materials, the applicable fields of hydrogel have been gradually broadened, and carrying stem cells for
disease treatment has become a new direction of research, but how to construct a hydrogel suitable for stem cell growth is the key problem that needs to be
solved at present.

OBJECTIVE: To investigate the physicochemical properties of chitosan-chitosan biguanide hydrochloride-collagen composite hydrogels and to evaluate their
ability to load mouse umbilical cord mesenchymal stem cells.

METHODS: The hydrogels were prepared by physically cross-linking chitosan, chitosan biguanide hydrochloride and collagen with the cross-linking agents
B-glycerophosphate sodium and sodium bicarbonate, and the suitable hydrogels were screened according to the gel formation time and gel formation effect
(noted as Gel-1, Gel-2 and Gel-3 in this way). Morphology, porosity, swelling properties, and degradability of the three groups of hydrogels were observed by
scanning electron microscopy. Hemolysis experiments were performed to examine the hemolysis of the three groups of hydrogels. The mouse umbilical cord
mesenchymal stem cells were co-cultured with the hydrogel with the best comprehensive performance of characterization. The cytotoxicity, cell survival and
adhesion effect of the composite hydrogel were determined to evaluate the performance of this hydrogel loaded with umbilical cord mesenchymal stem cells.
RESULTS AND CONCLUSION: (1) Scanning electron microscopy characterization results showed that all three groups had porous mesh structures inside, and
the internal structure of Gel-2 and Gel-3 with the addition of chitosan biguanide hydrochloride was more porous and three-dimensional. (2) The hydrogel
porosity of the Gel-3 group was higher than the remaining two groups, with high porosity and uniform pore size distribution. (3) The swelling performance of
all three groups of hydrogels was above 100%, and the swelling performance of hydrogels with chitosan biguanide hydrochloride component was better. (4)
The degradation rate of the three groups of hydrogels could be degraded by more than 90% in a time scale of 15 days, with good degradation performance. (5)
The results of the hemolytic properties showed that the absorbance values measured by each group of hydrogels carrying chicken erythrocytes were basically
the same as those of saline carrying chicken erythrocytes, and no hemolysis occurred. (6) The toxicity experiment and living and dead cell staining showed
that the survival rate of umbilical cord mesenchymal stem cells in each group of hydrogels was above 100%, indicating that there was no obvious cytotoxicity.
Umbilical cord mesenchymal stem cells could survive under the hydrogel package and the hydrogels had a positive effect on the survival rate of umbilical cord
mesenchymal stem cells. (7) The cells in the umbilical cord mesenchymal stem cell adhesion assay can survive under the hydrogel package and can adhere to

the surface of the hydrogel with normal morphology.
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& PEW 5T DL R 4 it 2 2R A0 B T P e ) = A 2 e A A A
o TEAEWIEE 2508, B REEE I 25 W01 Bk 2 REf% B8 Ak
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03 77 T R A S R R RS S A 0 R N
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A AN BT 8] 7R 5 TR RE 1, AT A — R A )
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13 H# 3 50% B- T BERsN: 17.714 g - HihBimw, HEET
131 40 /R IR SER T AI0 T LHERAR K A 25 mLs @ 0.5% ffi R ;025 g fa i R 1
e TS0 mL R BT K © 2% IR 28 BRI T

1.3.2 WA SRR (PE e E T EY) TR AR, HE);
R (PLgeat, vEpRib T ARAR, E); WEE (1L
RERFBAEDREARAF, FHE); KB (5,
FaBE R ER B R AR, HE); SR (sl PRk
B ARAR, HE ) - HIMBEERY (Sigma-Aldrich A ],
EH ), MRFEEA. CCK-8. 4% ML EW. WA HEE. 4%
SRR (L REFERFEARAR, HE); MR
By (o pai, TRGERE R AR AR, ) 1xPBS 2%
P (Biosharp, H[E ); DMEM 5772 ( 2R K H /R A1k
LRI ERAT, JLal )y A4S (zeta Life, £E ) HHEE -
BT EE. 0.25% B (AHE. Calcein/Pl 4 yE M 5 41 i 25 A%
MARF7) & (Beyotime, H1[H ); — FIIEIVHM (MP Biomedicals,
LLC, S ) A PR ERAKVESE (1 AREHE 2R A W], i E )
B 1) 78 o T4l 5 4 K5 77 3 (Peocell, W ).

1.3.3 {488 37 CIHIE/AKBH . W8RG ( i
PR AR AR, FE ) SHZ-D(TIT) J§ KX 2 HH
B (CBMF R RS AR AR, FE ), 24 B (3
EEARAR, E); B R (Sartorius, {E[EH ); ¥k
TR (5 BKEAERTREARAR, HE); 24 LK.
YIMIREFEIL. VRAFE . B0 — MR 7=, 6 FLAR .
24 FLAR . 96 FLAR . 0.22 um JEfR (Biofil, H1[H ); 2 IjREMAL
BRI (Biotek, JE[E ); 3-5 N SOl (595G 1H i X H5 16 %
BWRa#E, HE); CO, LHEFEM (Thermo, EH); K
RS (TR FAEARAR, HHE ).

14 Z%HmE

1.4.1 SERBESM: 4 g 58K PEA T 100 mL 0.2 mol/L #:R,
50 CAKMMASEFE 1 h, Froe RBEE MRS I 3 g XUF LRI
50 mL 2 & F/KIRA VI, FEIE 90 CTRHEHE 1 h, [FHf )
AN 2 mL 0.1 mol/L LG pH A ( ST LRI F
BLE5ECHT 30 min N, HL 2 0k, FEIK 2 mL). VAR
BAMRER, IMANTKOENTHZRI0E, BEHmE, T
KBS K iR, RS, f33] CGH #rR. ML
1[321o

0
OH {/%0’}

o i HO NH
o7 + nH;N-C-NH-C=N E» (:::NH?cle

HO NH, " NH
T C=NHGE

SR NH,
SR FEIRAN $hEE £

1 | EREWAEERE R R E
Figure1 | Chitosan biguanide hydrochloride reaction formula
B KB I il 2%
(1) ERHER: O 2% 7M. 2g 52 R HEE T 100 mL
0.1 mol/L Zf%; (@ 2%CGH: 2gCGH ¥ T 100 mL £5 77K,

1.4.2

100 mL &3 F /K.

(2) KEEREEC LL AR AL T ol Sk s B il A A,
R FE BN 37 Co LIKEER BRI H] . BB R . pH fE
JE I AARAE, R MK E RS EC L . R T X EL e b
P JE R KB (R R, TEAE & bR, R R R EOME R 52 2R
W £ KB, DAK PRSI CGH il 4 /KB, Wb el 1347 22
At 5 R AIE
1.4.3 /R [A] 70 00 T 20 B A 5 77

(1) Jifeiy 6] 78 B T 4B B B 5. 4 g B ) i 1) e Joid
MIT 37 CRIBMG E B I 2 5048, 1200 r/min &
L3 min, F WS, A1 mL EEAR: FE3H (90% DMEM £ 5%
B, B HON 10% JGF G, 1% BE R -HE R )RR
RVRI T R AR AR, R RS B — kPR B SR L,
AmL AR FRE, BN CO, LR AR I

(2) fie iy IR) 78 02 T- 40 B PRI 460 o — IR MR35 IR L b /) 3%
FrEEE ., 1 mLPBS BEM =k, BN 5 mL EAR; 7k,
B 2d I 1R

(3) Jife i 1) 70 03 T 40 B R4 AR i s 1) 7 S0 1 448 A il
BB IR IR 80% LA BRI & M — kMR R i
IR, 1 mLPBS BEPH =K, MM 1 mL0.25% Jil
B AL, 75 CO, LW IFFAFILE 2 min, RIAREFEILEE H
S ARUER WL G I f [) 70 0T T 40 i AR TR LIS BV AL oK, A
1 mLBEARE IR (20 5 NER AR —20) &k,
2 2 0%, 1200 r/min B0 3 min, 7 B,
TN 3 mL AR 7= B AR A2 BF i o [ 78 R 40, 3547 21 3
AR IR, AN FRILANN 4 mL B A B 9% 5L 4k 458
FhFE, Wl (Al 78 0 T E M A RECA i 10 £X

(4) Jie iy 8] 78 02 T 4B B R A7 DA DR IIE 20 Vs ) AN ey
SIS A A, O6F 40 i B AR T AE M (5 2 AR) AT IR
fFo Mg —IRVERE IR (A RE 7 24, I 1 mL PBS Yy =
K, AN 1 mL0.25% i AR, 7E CO, LHIGFMIRE
2 min, BRAAEE TR LEE HLIGC5E 0 %2 5% 7 B 78 o 48 i A3 5=
ML AL TR, 0N 1 mL SEARR;FRIE ( 20 5B A
I — 30 ) ki, THAR A B R EOE, 1200 r/min
B0 3 min, FF EiE, N 2 mLUEAFHE (1 mL — FE 2 MR ARL +
9 mL BRI A ), BRBEEFANE, SMEmERRIGAE
i T 80 CUKAEIHAT .
1.4.4 RAEEMK

(1) 4 T T AUBE WL 52 175 T 7K Pk 2 1) A A T T 30 DL
FURRAN R AT SeR KB ARE i VR T)5 48 h JE 159 3145
HERCRE S, P VR AW TR B R i, 3R THT L 25 5 4 20 min
IR R SR, FfiBEsIE, HIE 10kv,

(2) A 7K B FLIR 26 AT K E Il s PR EUE 27K B
Fitid H i m FIARFR v, 12T 50 mL K AEE,
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RF A HE NI TLIE , FRART T2 00 2.8, 0 B R
Bom, B3 RCTAER, DAR (1) IR,

m-m,
. x100%

FLEE (%)= 0.789xy 1)

FREUIE B 7K BT 1 5 & my, R IR L TE PBS 1,
5 1 h i e (Al BR B, PR AR B TR K, FESL R
MR m, EHE 3 RCFATER, LA T 10 h B RS EER
B, AR (2) tHEIEIKEE:

VI (%)= —— 100%

Mg (2)

(3) 5 G 7K A A1 o f 1 RN 7 = % 7K 8 P 5 Pk IR
HACE mo, FIH 2% 3 B B K B8 i R T AR AT BRI,
3d B 1R, AL, 3, 5, 7, 11, 15d HUHEE
iR TR R m,, B 3 CPATER, R AR (3) i
SRR

R fif e (%)=

mO_mn

x100%
mq (3)

(4) A KB REVEN E : EHUCRALZR & 1 RE S I R K
B, il % I AR 0.4 g KL T 10 mL SEAIE IR iR
24 h, IR ST IEJE 132 0.04 g/mL {1 JRI, R AR R
0.02 g/mL {F N BHE, F-RE BEBURRE 10 45 100 {513 2 RRE L

Rk 7R 22585 3 AR Al 1) 78 5 TR LAY 0.25% Jik &8 11 iy
AL, KR FE R B R 1x10° LY, FSEACKE 97 5 B Bl
2196 fLAR, HESFLIN 100 pL 47 (8] 78 Jot T4 =i, s
Fr, FPARIIGEEIS, PBS Pt 2 Ik, BERFLANN 100 pb b6 FEH R
MM, CAREFLAI 100 uL BEAH FRENNIIE, Hi9% 24 h
JA M\ CCK-8, #E4L 10 pL, % 48 h J& 7£ B 451X 450 nm
AL E A, REALER S UOTAT SRS, BLA S (4) TSN
Y 1) 78 0T T 4 A A3 2

‘ R L s

IEZR (Y)z——————— x100%
R ) e )
(5) 5 & BB VI PE BT« S0 4% 1820 ML i P

A B R KA REAS B 2% TS LT AN L B, i RAE SR A MERE B
TR 7K BRI, HL 0.1 g Bt T- 6 mLAE 38 27K, 37 “Ci2i8 24 h,
SRFEHL 2 mL BEEHEIGR, R AN 100 uL 2% X927 248
W, LA 2 mLAESRER KRN 100 L 2% S8 21 24 ff 0 i 47ont
M, 2mL EEFKP I 100 pl 2% 3847 41 i 2 i i i 6 R,
37 CH¥HE 1h, 8000 r/min &> 5 min, B F7E, F4HEHES
UCEAT SN, TEBEFRAX 545 nm &b U s 21 47 %o B 48 (W%
FEIEAE, LU B fice 28 R 7 et BE 2L 1 R e P A 40 A L v i P

(6) J5F 7ty ) 70 53+ 200 PR % B 280 = o SR AE 25 A M
SRR KB IR TR 0.22 wm I8 B84 B i T 1) 7K 58 S T A4
7 6 FLIR NN 3 mL KB BTAM, N 37 CHEEFRFE U «
W 58 3 AR 5 18] 78 B T4 A A 0.25% ik 2R (A Bl i 1k, e gm
MRS R N 1x10° L, Fseaiiardt Ea. KER KRG
7E 6 FLARAEFLANN 1 mL 42 3RT 4 mL fif i (8] 78 53 40
SEAERIERE, B 2d EW i 3 mLIHRE IR, FEANA 3 mL

1992 | PEARTIEHAR | 5528% | 551388 | 2024558

W IRAE, BEOR 3 d R AT IR, I 4% A
TR 52 30 min, SRJGHEAT QEEBERE K (1RF 0 $0h 10%,
30%, 50%, 70%, 85%, 90%, 100%), 4T )5 & T+t 5
T

(7) S5 K BRI 55 5 417 1) 78 ST 4 D 36 8 57 ) T T 4 i
Gett: R RO R ALZR G VE BE SRt (K BEIR IR 0.22 um P8
3% 1 e T R AR A AT AV, R K REIE AT AT 8 28 3 XU
18] 78 Jo T 40 i Jm kb 2 24 fLBR P, BEAL 500 uL, AR AR
24 FLBTBN 37 CEEFRMIAUL, ARG BEFLINA 2 mL Ji 4t 6]
R THMEE IR, ERFRIEE 2, 4, 8 RFATIGILA
Mgt
15 ZRAELEH KEURIIES. FLRE. WIKkMERE. B
R A S LS Lo KB IO AR 1 . AR AR S L. 4
PR PR 5 o

2 Z58R Results

2.1 JKE B AL

2,11 KEREC T AL R AR B B 1 T R K SR AR

37 CHRE T RIRECRES, WIS RE E N 37 'CK

WEREDZIFFUE T, — i) e B, WSR-S AN

NN AT A TR IS BOIR S F A B ROIRES , 105 BUR I []
(1) oA P iR BT EE AR Ak 028 0 3%t pH {ELYE [ R

6.7-7.0 FI7KERBCEL , P LARUR T & 455 U I 18] H 1,

AT RSt RAEC L LR 1.

F1 | REERTEREC LML

Table 1 | Optimization of gel proportioning before unmodification

5 A (mL) B (mL) C(mL) D (mL) pH i R[]
1-1 10 3 1 2 6.71 7.67 min
1-2 10 4 1 2 6.79 6.17 min
1-3 10 5 1 2 6.87 7.17 min
1-4 10 4 1 8 6.93 2 min

1-5 10 4 1 8" 6.83 3.5 min

Frk: a TRVEIIR A INGRE 5 B ZION 37 CoKIBHA B AR AN T B R & 3 1y
BIIE]; b FEINNBRIR ZUNRE N 1%, A 2% 55280H: B: 50% B HiMBEIREN; C:
0.5% RIS HET: D: 2% BRIRAN

XF1-1. 1-2. 1-3 BUCIRAS BTSSRIV IE AN
ANFERBOIR BT, #OAR VAR 0 BRI A i, e W)
AR, AHRENPE R, Ho 1-2 B R B4 T 1-1,
1-3, fE 1-2 (F LAl b 38 b0 e S8 1) B ) 1-4 7E 2 min
AR, B A B AR, 10 B B IR S AN 1 oA R AR
ENEMER, BIREANE RIS oH B TS, e RBET
th, 7E 37 CIFeSRBEHE R R 70 Fr BOR ALV PSS & T BUBER -
B2 R3] 1-4 W Re A 27 5 R E M S Bk s R A

SO, R R R AL IR FE BRI 1% Be i 1-5, BRI (8]

3.5 min, BESREHS AL 1-4 FATIE K, (HXFEE 1-1, 1-2.
1-3, WRINRIA S 4, HRR Gk sE . nlvEdt, Blids 1-5
4N Gel-1,

(2) etk Jm BRI et A S T SR EEBOE P,
Pl #E ) pH B W E N 7.0-7.2, FULSURBTE . 4
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RSB (9 H K, BEAT R — 2 ifife, fefemck Wk 2.
*=2 | M ERARECEL L

Table 2 | Optimization of gel proportioning after modification

F5 A(mb) B(ml) C(ml) D(mL) E(ml) pH{E  BUKHE°
2-1 2 3 1 2 6 7.12 2.5 min
2-2 3 3 1 2 6 7.11 2.17 min
2-3 3 4 1 2 6 7.13 2.17 min
2-4 3 4 1 2 7 7.11 2.33min
2-5 3 3 0 2 6 7.06 2.67 min

it a ARSI INNVE G RIZIBON 37 CoKI4A 28 BN B IR AR B 22 1 1)
IS [A). A: 2% 5E5EHE: B: 50% B- HIMBERRHA; C: 0.5% LR H; D: 2% WRIR AN
E: 2% 50 RME XN LR #h

I CGH J&, MR 145R, RUBCIRES L BRI 1]
R A . ELHEXS LRI 8] A I 2-2 1) e SR I [ fg R
BIRHE 2-3 s A — 3, EWEERIEA T, ik
220 T ERA AR O BRI 45 R, O 2-2 1)
B b 2 B IR R 2R (B B 2-5. % 2-5 A 44N Gel-2; 2-2 4
%N Gel-3,
2.1.2 JKER R TR e E 1) 3 Mok EBkIIC L
mEFk 3 Pon, Eil FEBRESKER LS 37 ‘CFH Gel-1,
Gel-2. Gel-3 U1[E 2 s, Gel-1 BRI [E] 5 3.5 min, Gel-2,
Gel-3 [ 1% I8 I 18] 43 55 v 2.67, 2.17 min, ¢ B 38 i 0 A
CGH, KR A B I 18] B R 4 4 % bE Gel-2 11 Gel-3,
i T R R R O KB A 2 N AZ R ) T FEEAE

#3 | Gel-1, Gel-2, Gel-3 KEBRECLL
Table 3 | Gel-1, Gel-2 and Gel-3 hydrogel ratios

e A(mL) B (mL) C(mL) D (mL) E (mL)
Gel-1 10 4 g 0
Gel-2 3 3 0 2 6
Gel-3 3 3 1 2 6

RIE: a WIMAHEBRESRIE N 1%, A: 2% 7250 B: 50% B- HIMBHRE: C
0.5% iR (1 D: 2% WERAHN; E: 2% S RMRUNLAERR 46

22 FAKBROTRMBTHE TERIHEM CGH M1 R
o, KRR R 7y SR BRKAH ELAE 3 ARAERAE A )
ATHE, I 3 A R AW B R A 2R KRR N S
ZFLPPIR G5 by HLALIR R/ —. Gel-1 P FLAZR I 3 55 K
HALEEECAMAE: Gel-2. Gel-3 N £ FL45 ) B 2 HMi%E,
P ALK et i FLAR 2 3 R A /N, Geel-3 (1K) 22 25 IR 485 ) B Jin
SR, FLEERCAYGHE, TiRA CGH m] LAt LRGN,
P 5 K TN . T Gel-3 [ P9 25 H4) A B Gel-2 BB fii Sz
P BLFLEERE i, 1 B A SRR A R T s K e R P
PRGETE BT AR L1, IR P25 45 4646 ) T 4t R Fr 8 B DA & 48
L] O AH ELAE

2.3 A ARBRILIREAEIRE AT B 4, LK
75 Gel-1. Gel-2, Gel-3 [ 7L B 2% 4 5] A (72.84+11.61)%,
(75.09+7.89)%, (85.71+5.92)%, 45K 3 4l /KEEH A A
BEMILERZ, Gel-2 FLER % Lt Gel-1 0% = — £, 4B CGH
(R0 N X 6 B R FL B 266 T e Gel-3 )7L B 6 LU Al 2
Tt 7K I o AN T 49 a5, CGH R A5 J5 R 4[] I 477 Ak 7L

B3R, XX Gel-3 fLAAFE kB T EMERIMEA, AiEmL
Bt 266 R T 24 R R 86 B DL RS R R, B R T At =
HERE TR

kG B NE 5 fi, Gel-1, Gel-2. Gel-3 7Kk s 75 Bl
1h PUdiEic, 1hERIKITZ 52, FEAHALE 2 h B 2EIK
T, Gel-1 FUIRAK R iy 120% oAy, IF Hik i E a4
ANWEEE R B, ST AT I 26 A R FFAE (100.0£13.9)%:; Gel-2
Fl Gel-3 [ K 2R B I (0] — B3N, Bk A K 208 B 0EE
J5 BTV K 200 B Fa E 7 (159.6+4.14)% Fi1 (169.48+1.72)%.
Gel-3 kR Ik Gel-2 s —2&, MZERATLLAE T, I CGH J5,
IREE R (P I 2R B T B S 7KSE, 3X AT B RN EERR P93
HE LA, ERGWOKKAENK, AR K
Tt IZ R A B S TR TR 7KV T 1
2.4 FAREIRARINERE R AT Bl 6 Gel-1. Gel-2 ATl
Gel-3 (PR AR N LR IR 25 2H 7K 5% P2 [10) [ i 2 [t 6 B ) 4
KBTI, Gel-1 25 1 R[Ef# 2y (68.00¢1.35)%, 4 15 K
F& i % H (93.00+0.75)%; Gel-2 & 1 T[4 R R Lt Gel-1 ¥ &,
9 (76.00+1.16)%, %5 15 K [ fif 2% 4 (92.00+1.87)%; Gel-3 &
1 K 4R 2 F (54.0020.52)%, 5 15 K [4MHZEH (92.0042.29)%.
Gel-3 7E28 1 RN FEfFR 3 B AI, RIAT CGH Al R T 2 1 1Y)
AEAE, (EHER NS ACHREE M AR e, PR R AR AL Gel-1,
Gel-2 %1%, {HM\ 15 d (IS [A]ES B Sfk B, JKEEIRTE 15 d
B AR R RIS R T 90% LA b, ot g R BIKER BA R i
(AT A
2.5 FAKEImL RS WE 7 R, BT
4 43 % 7F 0.000 2, 0.002, 0.02, 0.04 g/mL 7Kk iz #EHGE
R 48 h, AN AT I R AR T 100%.  Fifi 35 A HE BT
FUEIKEE TR, Gel-1 440 B A7 5 28+, HAm PR 4K
LR PAFIE R RS, (HRR BieR 2 ETHE . I,
IKEERIEATC A M EEPE, MR PT DLIEHTES), Hol— e R
FIgEmA RS S, (R AN, ATE N AT
TR
2.6 FAKEE MRS WE 8 R, A EINEERRX
W45 A7 %] BB ZH AN BRI 2L 7 545 nm P KR IR SE BEAE, B
RO GAE AU R RO G FE B AR | —3, AR 2
AEFRERK, B AU NI, B S LA A 2
SHaANERER AL, BERIE AR FEEAR LA S K
AL S . N 8 7o v LU X b IE X B2, 3 47K e
JBe B LB e i S o R — 8, WSS . L, ZE
GIKEE AR B2 A ] FE
2.7 FAKBIEGFE AR T mekR RE Ro 4R
TEEG LSS I E 9 Fiow, v LUE BV A M ER i G pli st £,
BB RS ER D, (HLRE RN 2, 4, 8d X
A FHERREAAIE, 2 d fEA RN K BR8N, (HIX AL
T S R R A IR A B A TE R R R . R, Gel-3 ZK#EE
Jie = 25 TR A (8] 78 0 TS IR, i Rt — Ui
T EEIKEIRBA R AV .
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Figure 2 | Gel state at room temperature and gelation temperature
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Figure 3 | Scanning electron microscopy of composite hydrogels
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Figure 4 | Poriness of the
composite hydrogels

Figure 5 | Swelling curves of
the composite hydrogels
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Figure 6 | Degradation rate curves of the
composite hydrogels
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Figure 7 | Survival rates of mouse umbilical cord mesenchymal stem cells
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Figure 8 | Comparison of hemolysis of the composite hydrogels
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Figure 9 | Fluorescence microscope observation of cells after living and
dead staining
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Figure 10 | Adhesion of umbilical cord mesenchymal stem cells to
hydrogel under scanning electron microscope

3 iFi£ Discussion

B R AR FU AN A e, 7K DR 5 7K A L
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A 3% AW DR DA B S 2 4 A R SE BT T L4 T A
SR B SR, ) PR R ) 7K 5 S 4 A T S PR 3 9 3 R s 5
I A TR 7 T

Z A 5T LA AT B O S kL, JE i Ak v A R B A 2
CGH, I N\ f i J5 82 F, 5 28 Bk 77 B— H v % 2 4k A0 e R
U ER A B, e I ) L B, Y K B R I R R (]
R HE e, VAR 15 7 & 0 126 2% 11 (0 /Kt e Seh /3 281 1
3R A IE M BEREL L, SRR PE L B H I B ER AN - fa R R AR
1% R SR LL A 10 ¢ 4 01 8 i £ B Gel-1;
CGH : F 5 WH  B- H i W FR 4N - fa i JR AR T 2% Bk R U4
SRR Ee 3 :3:0:2/M6:3:3:1: 2%
HEIE Gel-2 F1 Gel-3, 1 3RAF L 7 AN [A) Fie b 7K gt e () 4 g
7E 37 “CE IR KW 25 AF T AT IR R, Gel-1 (1 B B 18] D
3.5 min; Gel-2, Gel-3 {15334 2.67 min Al 2.17 min.
—MUCNTETE R BE. CGH. ik JR 2 R A £ A7 1E 3
FhayF TR ERAE I JRAE e : OFF A BAER: 7o
i 5 o i SR AR R R 3 5 B H Tl R Y B IR R [
A B EAE ] 250 5 1) CGH e R B g b, 5t IR AR 1
B— H B R Ak TR T R P A FEAE ELA R T8 g e . @&
PEHT: SEIRBERIFRHE, i B Al 7 SR M o TR LA S 57K 9 FTE AR
SR, SRR P P 71 50 SR O S 2 1 e iR AR R L i
B— H I BEER AN H VT 43 5K Tz 2 T A . @K
FHEAE: 52N T8 BB KEE ] (-CH) Z a4 K AR B K AH
FAER . F BB A FLBR AR Se a0 25 R B, @ W Ag B
AT LA 4 A 38 2 FLIN RS A /KB, 56 2 B KBt Y
R I AR 1), FRIRLRE, S 2 /K B AL 1 FLIRZ ER e =,
TX PR 25 285 A6 A6 ) T 24 PR PR 85 B LA B 448 i 1) ¥ A ELAE A ELm
N B IR CGH TSR 7K R By, 575 A 0 45 A T 45 58
Falll SZAR, AR THEFHARIIFLBRE, A BT [ 78 i+
Y1 A AE SR IR P A . K 26 45 SRS T /KB AT LA
WK AR A EAT S v B PR R 7R NN £ 2 Ji 8 F R CGH
IR VR IR MEREAE 2T 60% (MHETF, HIRIKR —EARFRER
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eI ATRERR A /KB AE R KT IR, A58 2 R s R AL
e AK IR BE TS 5o VR % AR BEIRAE AT 7 d B RARRE
L3 85% MREMERE L, 7 d Jm B Aok IR D Tl (BN £
JRE AR CGH J&, FERT 2 d R TG T B, 32 KRR
WG R (K AR 1S HL S M DN AR 2 S 2500, (HAE 15 d (KK
A FUBE SRR TR ) Bk Ak BE AR BN I e S BB RAERY
S S5, W LM RIE NN A8 1 J5 & IR CGH Jm, ALK %75
PEREE A FHRTE, b Gel-3 KL A HERE B .

TR MLE AR, X Gel-3 KR AT HE— 5 140
PRSI, PR AR A R SR T 4RI RE 1. R A KELR
VA IR 0 s TR PR 2EL R A B s K SO B A AR ), R 1%
HE KB GIA E SPARSEAME, JLP AR KR
R, ARG . 2 e KB RN E T E 47K
BN 55 T i 18 70 T B S TR Qe IR S T KRB R W
BEME, ATUME N H TR R i A 78 51 T4 e
FEARBERE A BT T A B R A 2, BB BRI B 1 T,
0 (4735 R AE 100% E R sl el i e, BT A
B ARCr . I G B e AL, HBEE R
KA, AR KBNS 18 . AR N SE o
JIiF 47 15 78 53 T4 AL RT LATE Gel-3 7K ik iz 2 T 1 5 286 Bt 4 8 9
HARROFINES . W LEIRFIH Gel-3 /K EBERHEAT 41 1 5
g RoRA, H A IUTS A5 BT Y R 78 BT 4B I RE 7,
Gel-3 JK B F4 BT 20 ML VR T 1 B ORR YT 2 B PR 4 (it T
(KRB, e JRWH S5 20 Bl 2 KR B AE PRI VT 4B B il

LR LRTIR, 2T U A AR S TR -CGH- )RR R
AR GREA R, BURRGE, BA REFREYMANE. mT
Btk JCRE. SOBUBT R SR T A M RCR R R . O
T RGO AR, AT Bh P B I T AR R B
BT 6] 785 T AR T 2 BB RO /N BRI S PSR, R TT
IKBERIRTT 2 RUE R K RCR AL, 9 2 AR 2R K BER
G E) T SR T A AR 2 ZROHE PRIV S5 P R T AT 1A L 4 J
RHS%.
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AlEA R,

FRRGREIAER: 2% — RO, ARIE (s FHT I F
% - TR - AR R F 407 Fik, ESEIIMGHLT, AFM
AVAIE T Akt B a9 R TR S dt . AEFY K, B AT R P .
TH. BN, . 7. k. BBEIEIZK, FAZEL RS, AK
AT G NI R AL CAEAT AR R 1R

RRAREELL : 3 bR AT A B i3 E T LA A L.

HERHSE: ZXEREEFEFREFHAAERT A (FRALEES
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BRAS R ARAT 3 AL FABAAEE;, XFLIRAFTIFERIRGER, F
ATIFBOAA L EH ST L T E.
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