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Preparation, in vitro performance, and therapeutic efficacy against oral ulcers of
curcumin-loaded printable amino acid-based deep eutectic gel dressings
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Abstract: Objective To prepare an amino acid-based deep eutectic gel dressing and study in vitro performance and the in vivo
therapeutic effect on oral ulcer. Methods Deep eutectic solvents (DESs) were screened using lysine, proline, arginine, and glycine as
hydrogen bond donors, and lactic acid, citric acid, glycerol, mannitol, and malic acid as acceptors, with curcumin solubility identifying
the optimal system. Gel dressings were prepared by optimizing the formulation process based on the composite matrix of gelatin
methacryloyl/chitosan methacryloyl (GeIMA/CSMA) in combination with 3D printing technology. Its mechanical properties,
adhesiveness, swelling, and biocompatibility were evaluated, and in vivo efficacy was verified in an SD rat oral ulcer model. Results
The optimal DES system (proline-lactic acid, 1:12) increased curcumin solubility over 700-fold (0.789 mg/mL) compared to its
solubility in water. The optimal printing formulation and process parameters were as follows: 1% CSMA, 5% GelMA, 0.1% lithium
phenyl-2,4,6-trimethylbenzoylphosphinate (LAP), 0.02% tartrazine, 20% DES content, 100 pm layer height, and a layer-by-layer
exposure time of 25 s. The obtained amino acid-based gel dressing had excellent mechanical properties, with a 2.5 N adhesion force at

25 min and an approximately 500% swelling ratio at 6 h. In vitro biocompatibility showed that the survival rate of L929 cells was all
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above 90%, and the DES system had no significant cytotoxicity. It also showed high in vitro biocompatibility (L929 viability > 90%,

non-cytotoxic). In vivo, the gel achieved localized, sustained curcumin release in SD oral ulcer model rats, reducing ulcer area by 40%

with decreased neutrophil density and inflammatory infiltration. Conclusion Successfully prepared an amino acid-based DES gel

dressing loaded with curcumin, which exhibits excellent wound adaptability and precise drug release behavior, offering an efficient

and safe therapeutic strategy for oral ulcers.
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Table 1 Different combinations of amino acid-based DES
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Fig.1 DES system polarized light microscopy images
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x2 TRIGERE DES WERRNBMEER (X+s,
n=3)
Table 2 Solubility of curcumin in different amino
acid-based DESs (X £ 5,7 =23)

Atk SR MR EHEFEME/(mgmL )

#3 DES-Cur iEFREMERE (Xts5,n=3)
Table 3 Storage stability of DES-Cur (X £ s, 7 =3)

#d AfH t/d AfE t/d A1H

1 1.98+0.08 | 4 1.91%0.06 | 14 1.84%0.04
2 1.98%0.07 | 5 1.89+0.08 | 21  1.81£0.05
3 1.95+008 | 7 1.87+0.07 | 30 1.80+0.07"

55 1 Kb#: "P<0.05.
"P<0.05vsday 1.

# 4 Cur-DES KBREMER (Xts,n=3)
Table 4 Photostability of Cur-DES (Xt s,n=3)

MER AR 1:6 0.201+0.009
1:12 0.55240.014
WK 1:1 0.052+0.008
1:2 0.096+0.006
1:3 0.12740.008
H i 3:1 0.155+0.010
aER AR 1:6 0.04740.011
1:12 0.2884+0.011
JhER AR 1:6 0.38410.013
1:12 0.78940.010
FrEEIR 1:1 0.016+0.008
1:2 0.0600.010
1:3 0.07940.009
Hi 1:5 0.022+0.008
1:6 0.02440.011
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Fig.2 FT-IR spectra of proline, lactic acid and proline-
lactic acid (1:12)

B3 MEEE-7E (1 12) & 'H-NMR iZE
Fig.3 'H-NMR spectra of proline-lactic acid (1:12)
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b 2.8440.10 3.5340.13
BiniGIE] 1.1340.09"* 3.4540.06
HR—k R FGERTEE: **P<0.001.

***P <0.001 vs same system before illumination.
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Fig.5 FT-IR spectra of gelatin and GelMA
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Fig. 6 'H-NMR spectra of chitosan, CSMA, gelatin and GelMA
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Fig. 9 Influence of different CSMA-GelMA dosage on

printability
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Fig. 10 Influence of photoinitiators on printability
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Fig. 11 Influence of photoabsorbers on printability
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i b, ETHRMATTHR. HERITHLES
] % CSMA-GelMA-Cur, CSMA-GelMA-DES-
Cur B ECRL . HAR N (RE N 100g): 1% CSMA,
5% GelMA, 0.1% LAP, 0.02%t745 5, 20% DES (&
14.35mg Cur), 73.88%%B T /K. ZKMHT, BK
A TE R . RSP Rz FUBEREE B, &R o
Ji o ORI i 4 7 oK
2.3 REMRE DES BRERMAIMERERA R
2.3.1 EEFNE KBAKTEET CSMA-
GelMA 1 CSMA-GelMA-DES & & Bt 2 WA M
Wr, FSEBEWTTIRN T & B G —0, wig
WH S, RAHEFE 7R (scanning electron
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7 © 10% DES Fz6 ATRLFHZITITENER (X+s,n=3)
25 ing g E: Table 6 Printing results of different formulation designs
E 1 v 40%DES (Xts,n=3)
x>
;::D< 20 BRI & IO I s o *E% HE'E,%/‘\
A Wy it p y :
m HAmm  EEmm  KE/mm  JEE/mm
15 CSMA- C0.5G5 10.20%0.10 1.93+0.15 28.974+2.78 1.87+0.06
0 ' ; ) lb ) 1'5 GelMA CIG5  11.53%0.32 1.77£0.06 32.271+0.60 1.871+0.12
[R5 H C0.5G10 10.90£0.36 1.60£0.10 32.87£0.51 1.80£0.10
0 ] 10% DES C1G10 11.67£0.35 1.57£0.06 33.17£0.70 2.17£0.12
T % DE
1 = 20% DES LAP  0.05% 24.00%1.00 1.13£0.03 33.57+0.21 2.70+0.10
é R 30% DES 0.10%  21.00£1.00 1.14£0.02 33.87£0.15 2.53£0.25
= 11 40% DES
oy 0.20%  20.00£1.00 1.29£0.02 34.33£0.15 2.23£0.21
Ho
E J 0.30%  19.00£1.00 1.33£0.02 35.00+0.10 2.13£0.21
10 7 g @ B0 g g T Teerneen e TG Bovees Frg# 0.01% 20.6711.15 1.1940.03 33.83£0.21 2.40+0.10
i \ T \ T T 0.02%  20.00£1.00 1.11£0.02 33.27£0.21 2.17£0.06
0 s 13 0.03%  16.33%0.58 1.07+0.05 32.67%0.85 2.00+0.17
A 10% DES 0.04%  15.00£1.00 1.10£0.02 32.17£0.76 1.70£0.10
30 : 20% DES DES 10% 13.00£0.10 1.90£0.10 34.70£0.61 2.47%0.15
E jg; EE: 20%  13.1020.10 1.83%0.21 35004030 2.3740.15
Saslvm 30% 13202026 1.6320.15 35.07£0.25 2.4020.10
ﬁ 1 40% 13.30£0.26 1.97£0.15 35.23£0.25 2.47£0.06
2.0 L R R I I ) % 7 E%*uH%%HTJ.I\E_]XTJ.?TED&&'I‘EE,\J%ZHW
0 5 10 15 Table 7 Influences of layer height and exposure time on
WA H printability
10% DES
344 © 20% DES ZEEl BRI S .
30% DES e STE SR
£ o pm  WEs R
£ 40% DES FUP \
2@( - 50 25 & TEARTE, LEAERR
b 100 25 nORSTEE, EETHEZER
® 150 25 T OARE, EEERK
30- ----------------------------------------------- 200 25 T':l—\‘ ﬂ:ﬁ%%%, jj:g/f/t, E}E%Ej—\‘
0 5 10 15 100 20 7 RETE, EEERK
LA H 100 25 B ks, EELHEER
12 DES HUARINE ST EN AL BY 4 A F2 00 100 30 AR, EEERSHN
Fig. 12 Influence of additive amount of DES on 100 35 5Ok, SEEL, EEERL

printability
®5 AREESIRFIMIELEE (X+s,n=3)

Table S Curing time of different photoinitiators
(X+s,n=3)

CSMA-GelMA [ 1k Ff 18] /s
F&/% 12959 (365 nm) LAP (405 nm)
0.50 41.67%+1.53 29.00%1.00
1.00 37.33+2.08 25.00%1.00
1.50 23.67+1.53 17.67+1.53
2.00 21.00£1.00 11.67+1.53

microscope, SEM) (IIEHLE 6 kV) WMELH 2 5L45
Mo 4553 (B 13) &R, CSMA-GelMA-DES itk

BAVISIMZ LA, T84 50 pm, HALER
A5l 5 CSMA-GelMA L, HAPH L4
RN, A EBE OB X EEERE T
DES 5 CSMA X GelMA 47> FRIASEIEH, 25
TR RIS .

232 WARATNIE TR 25°C. R 1%H%A4F
T, % CSMA-GelMA }, CSMA-GelMA-DES i
PRI T SR (0.1~100rad/s), W&
e R (G) SHiFEEE (67, HHHELT 3 XK.
23 (B 14 BoR, X G">G', 1h R ERME
TR BEE MR, GHE G, 1k RiZH



PER 202688 B57% HI15H  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 15

= 5883 »

CSMA-GelMA CSMA-GelMA-DES ‘
13 CSMA-GelMA #1 CSMA-GelMA-DES #J SEM
Fig. 13 SEM images of CSMA-GelMA and CSMA-

GelMA-DES
102 4 -
® CSMA-GelMA G’ et
1 = CSMA-GelMA G "
4 CSMA-GelMA-DES G’ 2® yvlm
10° { ¥ CSMA-GeIMA-DES G” o yyTan"
< LR L
& MM L
S Eon®
O ,v‘il
& MM
) v"-'=’
1020 yvrgmE® e
ML o®
® "
N
A®
°
1074 T - -
0.1 1 10 100

FAFE (rad s ™)
14 CSMA-DES 71 CSMA-GelMA-DES AJ37 25 14 B¢
Fig. 14 Rheological properties of CSMA-GelMA and
CSMA-GelMA-DES

) R EEAR, SRPEm R S S 2R
PRIl 28 5 B LI, LRSI 25 24 RGAERIE
B ML 5 FE 5 3 AT
233 WHIKPEREIE A 1A R AT TR B
(@20 mmXH 10 mm) 2T 37 CHI PBS H. &
HHEL LR i, FHIEARER RN T 2 RK 53 JEFRE
i, EEREEREKTE. &R0E 15 PR,
b GelMA 5 DES 4 IMNAN, HEI Ik R %
B, FET 6 h IABIVAK T . 455Kk, @it
SR AG AMa FE IR, ORI % PR 7 e A 2
W et KR E AR T .

WK EE=(W— W)/ Wo
Wo K W, 43 BRI 46 A TR AL IS 5 T 1) R
234 HUbMERE SR TERENE  HLBPERER H i
FAX LA 30 mm/min P03 B 4 (5 AE H E Fle 28 B 2

12 1
RIE
ESE s P S ¢ ®
e & -
3 &
¥ LE
=
£ 49
vy CelMA  —4&— CSMA-GelMA
T CSMA —¥— CSMA-GelIMA-DES
0 - T T T T T T T 1
0 6 12 18 24
t/h
15 TREIRAFmEAKERERTETLHIHLZ (X £5,
n=3)
Fig. 15 Curves of swelling rates of different gel samples

over time (X £ s,n=3)

TSN SN AR 2, R SRS R4 e, R 3 IR,

AR ANREBE 7 A A E . B 1 om? AR 2R
ERKTE GG B XS S E T Pe Rk, BEIEE
TR0 100 uL N THEFIRIE S, LA 0.5 mm/s J#5
0.049 N fith & JJ42 % 30's, T LUAH [R]5 & i {43 55,
WRBKNTE ST,

P ) SRR NAR LN o B 1 om? XS R
[ TR, WA THERI%E 1 min J5, A
100 mL A LHEV T 37 ‘C. 30 r/min 260 S Hidk,
REN M SRR

S5 16 F13k 8 A, 54N DES HIFE%E
A, CSMA-GelMA-DES 7Kt 1 4 o JiF 5 3%
2Tt X VAT DES WA BN 4 5 R SR A A
R, 858 7 AR R . ZBIERIEIRE T, &
KFNPH 738 2.5 N, FEEERFIR1Z)79 25 min. XFEZ
b rERE, A BT BEIRAE S A L IREE T AR i
B, A R 2 AR B e ik LA Th e 2 .

60 1
CSMA-GeIMA-DES
45 —¥- CSMA-GelMA
+ GelMA
é’ A~ CSMA
% 30
e
B
15 1
o “0
A
0 P T .1 4 i
0 10 20 30
#E 5 /mm

El 16 TEIERHIN 1-R Lk

Fig. 16 Stress-strain curves of different gels
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*8 HMBRESHMMEENESER (X+s,n=3)
Table 8 Results of mechanical atrength and adhesion

performance tests (X £ s, n =3)

415 R4 /kPa ZEHIN Al/min B JI/N
CSMA 5134032 0.75+0.05 0.70+0.10
GelMA 10.504+0.50"  5.100.10"" 1.0040.06"

CSMA-GelMA-DES 57.55+0.78""" 26.47+2.89" 3.15+0.15"
CSMA-GelMA 27.30+1.18™ 7.93+0.40™" 1.56+0.05™"

5 CSMA 4l "P<0.05 ™P<<0.01 **P<0.001.
P<0.05 "P<0.01 *P<0.001 vs CSMA group.

235 RANIIRENESE K CSMA-GelMA-DES-
Cur #EiE2E T M 2 FHEN 3 500 FIEHNT
5, 3B\ 200 mL & 0.75%% LA 80 1) PBS
Gl R IRFEZAE) h, 37 ClHEREAR TR . R
TS [B) SUHUORE 2 mL, FES7ZRIRME SRR . SRR BT
fif PBS. KA e BT 2 B KRS K b
(1 AfA. THEZE RN EIRE X RPRCE. 4
R E 1D BoR, 2 HERIIFRINHET 10 h Peigirs
S SRR TP (R 720D ERBARFE . Ko, CSMA-
GelMA-DES-Cur 4 1) RAVBEINHR LA 45%, W3 5
T ARSI DES 4, X721 DES #lifil] 14T Bt 72
RETRMINTH, 1T Tk SR et 5L
YIRS . 45 BRSOz RAE N O IS RS 25 R 5
B RUF IR B FHE 77

12 1
CSMA-GeIMA-DES-Cur
CSMA-GelMA-Cur T T
xX
2 g4 T 1
5% il
=1 ]
3 oL i
‘3’]’\‘?\' 4 T‘I’J_L - - L ]
' -~
o= I 1
i
0+ . . r . . . ' "
0 20 40 60 80
t/h

& 17 CSMA-GelMA-DES #1 CSMA-GelMA iR P =R
FEHRINEREIZ (X£s,n=3)
Fig. 17 In vitro release curve of curcumin in CSMA-
GelMA-DES and CSMA-GelMA gel (X + s, n=23)

23.6 ‘EVIHAENMEEE

(1) RSN A B3 1 PP (CCK-8 72:): B %k
KA /N R AT 4E 40 A 1929, L 5000 4N/ FLHI % &
BAhT 96 FLBRH, BT 37 C. 5% CO, B 340 R8s
7% 24 h FF L EEE . 43 AL CSMA-GelMA. CSMA-
GelMA-DES. CSMA-GelIMA-DES-Cur £/ 75 mg
T 5mL & 10%/i6 4 fL7E 58 28 R R g 42 (37 °C,

BEOL) 12he F 96 FLBEIEIREE, SRS
PR 100 pL, 7= A CREEF A X HRZHS I
AEHYIREIREL . REERER 24, 48, T2h A,
FLIIA 10 uL CCK-8 k7, W5 2 ho FIFIEEARAX
e MPRIETE . S50 9 fos, A MAAEY
YERFAE 90% LA L, HAHMITC R EZR. MIAER
HE AT,
UM = (A s — A 2e)/(A i — A 211)

A s ATIGHMBN AME, A = RTSAHNBN AME, 4 an
Dy 2R AR 4 18

R9 L1929 ERRFETFIEMRTHVERFIER (X£s,n=3)
Table 9 Cell viability of 1929 cells in different gels (X + s,

n=3)
&/ SHAEIER %
il
(mgmL™")  24h 48h 72h
xR - 101.78£5.16 104.96+1.41 102.91+3.94
CSMA-GeIMA 15 100.49£3.86 107.25+1.03 102.95+2.17
CSMA-GeIMA-DES 15 97.53+1.72 92.74£5.56 94.28%7.24

CSMA-GelMA-DES-Cur 15 9734£2.99 94.71+3.54 90.911+8.26

(2) TEALAMM gL sts: R E 4k R -AM
(Calcein-AM) FIHUALARE (propidium iodide, PID
X 1929 4 AT 15 /AR 40 AR Byt SO R AR M kL B
Mo B 1929 A #EAh T 35 mm JLRAE/NIL, 435
Il CSMA-GelMA. CSMA-GelMA-DES. CSMA-
GelMA-DES-Cur ¥£/i# 75 mg T 5 mL 58 4832 5
BRI (37°C, #%) 12h. IINEANKEKERIR
PR 1 mL AENSEIRAH, IMNSERR e R IR
XTHRAE, JEHEE 48 h G, FREEFREIH PBS iE
Yoo BEALIIA 100 pL 2 2 pmol/L Calcein-AM 5 PI
G TAEW, 37 CEEJEITE 30 min, FHXLL PBS
EVOE T IR ARG T, 45 R mE 18 ik
10 ATz, et 24, 48h i, B3 PSR RS H 40
TEASIER, RUIFTH AR 402 R AT AP
. HAE 48 h IFf, CSMA-GelMA-DES-Cur 0%
I, HH B R P A4 1 B 1

(3) UMLK RIIR SLI0 PP Ak e
TR 152 . 43 HIEL CSMA-GelMA. CSMA-
GelMA-DES. CSMA-GelMA-DES-Cur ££/i# 75 mg
BT SmL LIEEFRAETRE, LREEEE&EH.
6 LRGN 1929 4HAEIE 90%~100%% EElF, H
200 uL ¥k RIE, PBS iEBE/E IINRIEE T Tl 4
AT 0. 24 h R B T SRR B A IS0,
THEAMT R %, g5 (B 19 f1k 11D BoR, 1929
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24h----
48h----

X HEE CSMA-GelMA

CSMA-GelMA-DES CSMA-GeIMA-DES-Cur

18 1929 BRI RIER FHIESEREEG (X40)
Fig. 18 Live/dead staining images of 1929 cells in different gels (x 40)

F 10 FEXTEREH (Xts,n=3)
Table 10 Relative cell count (X +s,n=3)

5 il %/7 RS )
(mgmL™")  24h 48 h
Xof e - 97.04+2.58 101.20£1.59
CSMA-GelMA 15 87.441+2.45 109.93+0.49™"
CSMA-GelMA-DES 15 91.14+6.19 117.66+0.82"""

CSMA-GelMA-DES-Cur 15 84.78+1.22 162.26+4.98™

S5iAF %) 24 h e 7*P<<0.001.

Hk

P <0.001 vs same group 24 h.

20 ¢

Oh

.
1
1
W
1
1
1
1
1
1
1
1
1

——

1 S
1 1
1 1
1 1
1 |
1 i
1 1
1 i
1 1
1 1
1 1
1 1
1 1

C

X HE SMA-GelMA

M AL W BRI SL G 7% 24 0 J5, HIT#
R TR & . X R IIZRE R T U ik 4
MUIEH, O R AR TR BRI
7o WWEAKXWT.

TR A = (do— A1)/ Ao
Ao FRWIERIRTEIAR, A, FR1E ¢ i 20 R JRTHI AR
2.4 FEEE DES BIEERBHEMR
241 HEBUmENMRE S5 g8 20 HIEMN
PEIRFE Sd 1 SD K, &R mTmEE, 7EHE T

1
e

3
1
1
1
1
[}
1
1
1
1
1
1
1

1
i
1 o
! 1
1 1
! 1
! i
1 I
1 1
! 1
! 1
! 1

MA-GelIMA-DES CSMA-GeIMA-DES-Cur

B mmmmmmmmm ==

C

B 19 1929 {RE7E T RIER AT E%
Fig. 19 Migration images of 1929 cells in different gels

FHIEVEST 0.1 mL 50% 0K SRRV 05 St 5. 24 h )5
SEIGIX ML B, RIMER A6, o
B, RUEBRLT). B R E R AR
KERGT A 4 4 X R BH X HEZH . CSMA-GelMA-
Cur 41. CSMA-GelMA-DES-Cur %, 25254 4T EN
B BORHE 5o X 30 s, FI RSN &,
RS 20 B AN DT 30 mino [HPEXT REZH 45 T 1 B ik

AN

PR b ZEKAA G (0.3 mg/ -, SD K EAAF & 300 g,
KRR E RS 617, & KRBFEN
930 ug), FEH 1k STIRUAIERTE, NETHY)
AbEE ., SCIGAARE H A2 1 IR, B8R T7d. K4
F4525)5 2 h WAREERK, DUMRIEZPIRIIT 3.

242 KRESUHIAILR 51, 3.5, 7 RAMKID
SRR, 3R Image J BAF TSR, 431
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z1 HEIETRE (Xts,n=3)
Table 11 Cell migration rate (X + s, n=3)

215 FE/mgmL™")  THEE/%
payits - 19.46+1.28
CSMA-GelMA 15 27.44+2.02"
CSMA-GelMA-DES 15 39.44+1.18"
CSMA-GelMA-DES-Cur 15 82.84+1.56""

S HRALEL#E: *P<0.05 ***P<<0.001.

*P<0.05 **P<0.001 vs control group.
VLB 20 A1 12, 34 2 d J5 &40 B 2 7
FREen 2 5~7d Ja, AT R/ . CSMA-
GelMA-DES-Cur 2H 1 & R AL T Hi ZE K AR U
Fro HE&TRE DES KX a4, W DES Al
REEH RGBS SRR E . SRR
1E LR IT h B IR 1.
243 BUGIALSURES T EBEEE 7 RS
KR, B P e O s R A 2, 204 3k /K
4% EHEEREE 240 J5, MoK AEEE. VA, 74
L IFAKE-PHZL (hematoxylin and eosin, HE) 4t
KSR G, TI65 Bt T WSS bR 4540 I S0E

: e

RN . 258 (8 21) S, WA g paict FH 0] CSMAC-S::IMA- csaggfggzm.
JBE b R G REOR, R R R R R YR IR, R E20 KFEEHEARENL
JEFEE s BHMEXTHEZE K. CSMA-GelMA-Cur 2H % Fig. 20 Changes in ulcer area of rats
#z12 FHBEE (Xts,n=5)
Table 12 Ulcer healing rate (X + s, n=15)
il Fiile:v) BHEEE%
(rg A H1R ERPS BSK E PR

Pagicy - 7.00%£2.65 22.00%2.65 34.331+4.04 53.33 £3.06"""

IF 0 HE 9.30 10.67%1.53 29.67+4.51 46.33+3.21 70.33£1.53#"

CSMA-GelIMA-Cur 10.76 11.00+2.65 30.00%2.00 50.67+1.53 77.334+2.08%"

CSMA-GeIMA-DES-Cur 10.76 10.67+2.08 38.0012.65 65.001+5.00 90.0042.00""

551 R *"P<0.001; 5% 7 K CSMA-GeIMA-DES-Cur 41LL#: *P<<0.05 #P<0.01.

P <0.001 vs day 1;*P<0.05 *P<0.01 vs day 7 CSMA-GeIMA-DES-Cur group.

i A IR T R FEAIC T X R4 ;. CSMA-GelMA-DES-
Cur 4 b RZ&5K e 5, P R4 i % 2 B2 PR,
KA g . R R D], CSMA-GelMA-
DES-Cur 23} i 5t R BA R A a7 -
244 KREAEFEICR FRICFEH KKK
i, WERRAERRI G R IEEHE. YUK, 4
RUNFE 13 P, BT, KB I5 7 5 2
BE N, AEEHKEE, BT, g%

CSMA-GelMA-Cur CSMA-GelMA-DES-Cur JFEWA AT, CSMA-GelMA-DES-Cur 415 H
21 HE 3R fl 5 AR L, AR FEAS S B0 R A T B R4

Fig. 21 HE staining results ., BAES 7 RikFIHEE. 458K, CSMA-
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*13 SD KRIFFREZMN (X£s,n=5)
Table 13 SD rat weight changes (X £ s, n=15)
3 &/ ki &g
(gR)  HOX 1R EPES #HIR H4R H5K HoK HT1K

xR - 26630%621 272.97£755 273.9315.74 27743+4.83 277.53£4.00 282.0013.46 286.00+3.61 289.33+2.52"
FE 4t o R 930 251.6017.36 259471791 266.70£4.23 277.70£2.62 278.6314.95 284.17+2.52 288.00+1.80 292.931+3.30"
CSMA-GelMA-Cur 1076 271.80%12.74 274.67+12.90 275.67+14.22 282.00%13.11 290.334+18.23 292.00+15.10 298.33+17.56 303.67+18.34"
CSMA-GeMA-DES-Cur 1076  271.77£7.92 27633551 27837+5.63 287.00£3.00 293.33£5.77 295.00+5.00 304.00+5.29 310.00£5.00"

5% 0 KAALL: "P<<0.05 "P<0.01 "P<0.001.

"P<0.05 “P<0.01 "P<0.001 vsdayO0.

GelMA-DES-Cur W4 2205 1ot 17 7 T - 2 14
Joi B G G 1 i)
245 ZAEMIEEESE  HI20 A SD K, &N
PEMRSR 5 d J5, 1ese RNl 4k 4 4. W
. PHTEX A (BRI ZE KRG ). CSMA-
GelMA-Cur 1} CSMA-GelMA-DES-Cur 2. %
“24.17 BURNTNES Y], RIRGZiI5 24 h LFERE .
RENERBEHL RSV B “2.43” BURT7
), B LR AR, RN SRR M 43 B I
i, RS TGS I D e fa b NETR
I (alanine aminotransferase, ALT). K]
KRR A I F4 1 (aspartate aminotransferase ,
AST), WIhResEbs: WUAF. K=

iR (8 22) SR, S EEEi R, Tl
B RAEA IR I S HEARAE, R WY ARG 2%

RE, AR IE RAF . % 14 RoR S A M ishn 5
AT R ENE 2SR, BT AESEEENA, T
FPERE. Z8 LR, AP RERDU R T AR A %
oy i

X R

H 0 1R

A
CSMA-GelMA-Cur

B 22 OFEFERTAE
Fig. 22 Oral mucosal biopsy

CSMA-GeIMA-DES-Cur

14 ZEMERER (X+s,n=5)

Table 14 Safety assessment results (X + s, n=15)

21 53] FE(ug R ALT/(U-L™) AST/(U-L™) LA/ (umol L™ JRER/(mmol-L™")
tif e - 110.67+6.61 127.43+13.80 4530+1.28 5.31+0.19
IO 2 f HEL 9.30 108.77+5.49 146.47+20.63 41.83+3.45 5.37+0.10
CSMA-GelMA-Cur 10.76 110.03£20.06  120.50220.09 4433+1.17 6.0940.33
CSMA-GelMA-DES-Cur 10.76 93.63+6.45 126.10+8.72 42.10%1.51 5.53+0.55

3 g

AW IR T — Pk T & R - PR 1)
DES AJ 4T EgEABORE, v st 1697 3t 17—
HIR T % o 5 DAAERGE F R - 4% 4t DES (1
Parsana 52 0E ) &AL IERR- 2 —BER &) AL,
AP GBI 3 FH S I R DES, MRSk 1
{45 DES A AR 22 At AR« il =R 5 AL &
TS B AE 2 1) DES 14 &, %k Rl fE 5%
TR Z A s UM T AN E A, AT
FIRF LR INEME, NRINEVER ) e R0
IEIRALE K . K% DES 5] ALL GeIMA/CSMA i

etk R e, el AR S RKEY
o THE R REIE . BRI SRR B e A 0y 1 1) AL
B, BEmSE AR R AR R, RCE R B
S Z AL AR (FLARZ) 50 pm) o XA 7120 2%
JTAABURTE 1B UG B 5 R P R RE (2.5
ND, ERILHA 500%HmiEkE, HHEsIEE
e H AR B . Gl R Gk 3D FTEN 24,
] % HH i FL D0 S i K 5255 P TS B 0 BT
TUBORE . A AN AR 2V S50 IE S 200 0 A0 S it
90%, AILT RUFILatE. £ SD K HEb
BB rh, ZECRHE I DES WM ZMERAT N, B
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RO VAR A IR O 2 e BT
(EARW SR ZJRIRYE, 745 & /a8t

e IS IR IR AL . B oG, FERIBYH S DT T

SD KB H St R AR A AL« o FB A 52 46

T 5 NARAFAEZE R, 3K W] BERS Y7 R T A e

Phe Hk, KA 2 EH RN, AR

BHE M PR EREVE, LI DES 24170 7E R A AR

AT . BEAh, 3D FTENEAR B R AL T I A 5

AL A P ki . SRS 3D FTENEORIE AR AR

Pole 2590 N H 2392 (U0 Yang SEPARIE Y

ANMEAEBEEE S, Shinde ZESIFF R IH R 4T B K

B A= s KAR 2D, ABEAT B iy ot B 2 — R DA

B bm EA A 7 R 55 T AT A AR R kA A 7 R

TR I o B S, AT TT BN S S

AT S ol = R R (e N P R G R ey Ui 1K

AR MEZE R T
Zx LATR, AHEFtiES DES 5 3D 4T EIH AR

ANLGES, W T —MEREZ . RIS

RAVHEE T — R REAYEEY 6. RED

T AT AR SR A AR 22 A R i PR A PT AT 155

TR BT TR S R AR T B

WA AR IEAR A T R TSI SRE . Ja 220707

[ ] A 4E RGP BRI AR e Ak L ARAKAT

BN L Z AR RRASE,  DLISHAIE g AR BT 77
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