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[ Abstract ] Objective  To synthesize ethylene glycol chitosan-diethylenetriamine pentaacetic acid
(GC-DTPA), and evaluate its cytocompatibility and systemic toxicity within the dose range of routine use.
Methods DTPA was grafted onto ethylene glycol chitosan ( GC) by organic synthesis and chemical cross-
linking method, and was subsequently characterized with proton nuclear magnetic resonance ('H NMR) and
Fourier transform infrared ( FT-IR) spectroscopy. CCK-8 assay was used to detect the effects of different
concentrations of GC-DTPA on the proliferation of ICE-6 cells. In addition, 80 healthy SPF SD rats (aged 6~
8 weeks, body weight 180 ~220 g) were randomly divided into 4 groups (n=20): control group ( given
normal saline) , and experimental groups (60, 90 and 120 mg/kg GC-DTPA, respectively by intragastric
gavage ). The change of body weight and survival rate of rats in each group were observed. Blood routine test

and blood biochemical examination were performed in the rats on the 14th day after gavage with aid of
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automatic blood humoral and biochemical immunoassay analyzers respectively. Then, the rats were sacrificed

and the pathological changes of organs were observed after HE staining. Results

FT-IR spectroscopy and

1H-NMR suggested that DTPA was successfully grafted onto GC, and GC-DTPA exhibited excellent

cytocompatibility, with cell viability all above 90% after its treatment at different concentrations. In 14 d after

administration, no significant differences were seen in the results of blood routine and blood biochemical tests,

or in pathological changes of organs and tissues in each group. Conclusion

The GC-DTPA synthesized by

chemical synthesis and cross-linking method shows no obvious cytotoxicity, and no systemic toxicity is seen

even after oral administration dose up to 120 mg/kg.
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(diethylenetriamine pentaacetic acid, DTPA) Jfy 2 [E &
fhZh o WE B 48 M R (Food and Drug Administration,,
FDA) 152860, HRIfE S 2, B
AR 2 RS (glycol chitosan, GC ) f&
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1.1 ZBahih

6~8 JE i fi i SPF 2% SD KB 80 H, MEMEA 1,
PR 180~220 g, i fili 45 45 B 27 SE 30 s vh oo 42
it EFRIAEE  H U 20~ 25 °C L AHXRRSE 40% ~70% ,
KREA TGS, A hoK, RS E R,
1.2 XA RALE

GC(G7753, Sigma) ; DTPA (E#EW)) ;99% N-
(3-Z W HL N BE) -N - & e — WV il #h i £ (N-(3-
dimethylaminopropyl ) -n” -ethyl carbon diimide hydroch-
loride, EDC) 5 98% N-¥2 3t 3% #1 Bt W e ( N-
hydroxysuccinimide , NHS) g T4t 5t B R B A R A
Al BT (IR 7054 8 000~ 14 000, BBI) . FT-
IR 800 FILTHMETEAL (KBr i J7) 5 BrukerAV-400 4%

WEIEIRAN; KB ICE-6 2 s ( 28 A ) s —HI AR (&R
) 51640 FEFR4E ;0. 25% [ Al (& EDTA) ;i 4
IMiig (GIBCO, 3£ ) ; CCK-8 I & (= K)o

1.3 GC-DTPA #4) &

FREL GC 1 g(2. 86 mmol -NH, ) F 250 mL %I,
JA S0 mlL 258 FK, 5870 ¥ ; PRI DTPA 1. 12 ¢
(2.86 mmol) ,EDC 650 mg, NHS 380 mg T,
30°C LW 24 h' 57 R B EaE TS P B B T
IKIEHT 3 d, 2% T 14T 226 mg REE (O E{K, Y H
{857 M A5 36 21 4b 6 1% ( Fourier transform infrared, FT-
IR), #% #i 3 ¥ & % ( proton nuclear magnetic
resonance ,' H NMR) #E17&1F .

1.4 GC-DTPA ¢ % 4%

1.4.1 FT-IR ik PSR AS KBr By R DA
FE 1:200 JR-4  WFAHHE St 457 R 4 000 em ™' ~
400 ecm™' B GC . GC-DTPA #EFFi

1.4.2 'H NMR ¥ 18 JH A SR 4
A . ¥ GC.GC-DTPA i FHE/K(D,0) # i,
A3 55 1A 400 MHz, ] 0~ 14 ppm,,

1.5 GC-DTPA #)%m oA 2 AT %

O KA KK B ICE-6 4, L 5% 10° /L3525
AT 96 LR, A 37 C A4 5% 1) CO, K
FEYPIREE , Fr 40 0GR A G, IR SR B SR ] GC-
DTPA ¥E (M JE /374 0.01.0.05.0.1.0.5 mg/mL)
ALPRAAN , [R)Bis E IR A 6 N EAL BT
BEFRAEE R 48 h Je F R BRIk, LA 100 pL
CCK-8 TA/EW(CCK-8:1640=1:10) , & TR 4005 &
1 h J5, BRSO & 450 nm bW BE{E [ D(450) ],
éﬁ] H@ 7['? {ﬁ % = [D (450)iﬂgﬁﬂ -D (450);:;:.% ]/
[ D(450) 4, =D (450) .0 1x100%
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S TR A A KA G RS i I AR S SR
T, BRRIE R ZE R R S YR B ZE D 2s HEHERY
SRR St 80 HOREBENL N 4 4H ., L



http ://aammt. tmmu. edu. cn

il 45 %2 B R, 2022,44(9) 969

R
(o]
R OH
a0 | ©F NH
R OH
+
OO n
Ol NH;
(o)
NH>

R= '.O/\_’OH

OH I\/OH

O
EDC NHS &OXO n
— e

30T 12h /\(OH

NH
2 N

"y
z):\ko/or-i

1 GC-DTPA B & &Lk E

25 N HR FVE S AT 2 O E B 4525, 5200w 12 h K
AR . 2530k 17-21] & 52802 GC-DTPA |
Bt 60.90 120 me/ke 35 3 41, BT 1 mlL AE B K
Fp X BRZH 25T [R) 2555 A B R /K, ) 37 58 Hh 4k 2 1) 37
IEUEL . ArAl T 2.7 14 d B dfid sk K EUA BT, WL
BREUEE IR F A LT %, 14 d %
ZHRERLE 5 HOK B BT R BRI, 47 R0 9% 2 A
s AT AL (WBC) (L4140 (RBC) | Ifl 4155
Fa(HGB) (i 8 (PLT) o I A A 4G 2 B
BF(K) 8B F (C™), BHL#E(P) IREA
(BUN) JLIF (CREA) \NRAFRFE R Bl (ALT) (R4 H
PR g ( AST) ol 12 Wl 2 Il ( ALP ) | 75 S ok % 7% Tilg
(GGT) . Hufit 5 &b FE AR, B0 8L i 5 B 5
K E FRAR R 1 em 4HE, 0K PBS phse 14 ,4%
zﬁzﬁaﬁi[ﬁlm AEEY) R HE Je a5 B A0E T
£, Hp RRARSLRFRINEE 6 1~ H .
1.7 it 440

i SPSS 25. 0 e it AT B b B IEAS
IR TORIL xas o, Z 4R LBCR TSR K 7 2245
B, PR L3R A Tukey- K30, 8552 I & 8504 R A
M 2200, YA AR A Gort 24 i — 2 R
FHT ARV M. DL P<0.05 F2RZF A 51155 X,

2 #R

2.1 GC-DTPA #4-m%,

GC-DTPA [HA L ILIE 1, 7£ NHS F1 EDC 119
HEAER T, GC 5 DTPA 3@ i N-Pik b s hvz il 25 o il
BT R IR A TR By i oKW, R R e
fiff , SEIR B ALV T WA
2.2 GC-DTPA # % 4E

GC.GC-DTPA ffJ FT-IR W& 2 ff 7%, & 2a kb
1602. 74 cm™ {ii'#h GC bRy -NH, JLH, & 2b GC-

DTPA {25 ; 8 2b 1639. 38 em ™ fy GC-DTPA
1% -COOH M1, & 2b 1400 ecm™ ~ 1200 em™ GC-
DTPA bt S Af e e S AR AR 04 355 5% . DB DTPA & 48
FERE T GC L,

VEE/em-1

% %,(a):GC; k& (b):GC-DTPA

B 2 GC.GC-DTPA gy FT-IR

GC-DTPA .GC }z DTPA #'H NMR H,[& 3, 3-GC-
DTPA § 3. 184 ~ 3. 609 ppm N GC | [ Jii 7 I;
8 3.384 ppm iy DTPA fill % S fHe 55 JR Jk 2 [A] 30 FH 2 |-
5 FI6 3 8 3. 313 ppm & DTPA filj4% N-CH,-CH,-N
AT H KL | BT 04 GC-DTPA | GC [ 2 g
(8=2.517) 4%k, W GC WA E 25 DTPA 152
R HE WAL S, TF B DTPA T3] T GC I,
SCHRL 22 ] 41 18 76 50 B TR 1k S i R R 4 A= 1 24 A
Co ¥ Hk I, IR 5 GC HioT C6 L (8 =
1.852) Wi F- Flg& M AL (A1 g GC | C6 1y kI A1
S3THIAR, A2 2 GC-DTPA H C6 1y R BE I FR 43 T AR ) 11
BN L, 25 R B s GCF C6 FR L 1) N N
96.3% , i1~ R
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# 0.5 mg/mL B}, 4HHLAATE KI5 > 90% (8] 4) o

1.2 4

HDRHIIR (%)
o o
= O
1 1

=3
(98]
1

0 =
0 0.01 0.05 0.10 0.0

W /mg - mL!

B4 RERE GC-DTPA 3f ICE-6 ZHA;E
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2.4 GC-DTPA 44 & &M 5 5
2.4.1 IKFTERARL 2 KRR oL R 7E 45 2 5 o
2 RIFEA FIE GBIt R K, A& AR

BT 0.2.7.14 d WRBHE IS 2 5+ (P>0. 05,
BlS) o 2 d RO BCHTAS A ke, ] AE-S T R
R EBAEIA X

300 - xpma

-0 60 mg/kg 2
- 90 mg/kg 4
270 4 —&— 120 mg/kg 4

20
g
g 2404
<=

=

2104

180 T T T 1
0 2 7 14
s iE]/d

BS5 BAXREMEREREEWN(n=20,1xs5)

2.4.2 R AR A HHKRL 2 14 d 1w
UK 45 5L WBC \RBC \HGB | PLT %545 bR 34 L4t it
2252 (P>0.05,% 1),

2.4.3 M4 FHRRLZ 14 d ]
AR A SSR Bon (% 2) , %F 841 BUN ZKSF-{IK T 60
(P<0.05) 120 mg/kg 41(P<0.001) ; S84 CREA
JKF 248 X BRZH (P<0. 001 ) , ALP 7KSF-H %% AR
40 (P<0.01); ALT AST .GGT K" .Ca® P /K5 %} H4
MG 2257 (P>0.05)

2.4.4 KRR NEARLIZ00 H2E 2 b 4214 d
220K UNE RS 2H SO B2 25 R s (18] 6) O IR P
G 0 LS R 5E 4% U LA A TRk i B A8 4 T
LA AE AR o FF/ N HES 55, T8 T 20 A K i
S AR AR A8 X 4548 1 5, TG EF 4k b B 4 4 i 3=
e o FRAELE P TR, FBE AU BE R IS . B R AR
B IES AR, R BB ERAE . B R
SEAE AR DL I K A K R AR MR o /NS EHES
BT R IR SR AR . O B2 A5 A
BT, 25 2% BP0 15 BT T DL TR ST I A A R, R LA MR A
MR . SRR K AR SR , 82 MER 6 M H oK
R BB T O

®1 JBAKXR GC-DTPA 475 14 d EMMBFLER (n=5,5+s)

2H 5 WBC/%x10° « L7 RBC/x10" + L7 HGB/g - L™ PLT/x10° - L™

it HE 41 8.14£2.30 7.83%1.35 171. 44£25.32 1 018.38+85.45
GC-DTPA 242541

60 mg/kg 41 5.82=0. 40 9.22+2.45 183. 00£44. 09 1019.20+51. 13

90 mg/kg 41 5.87+0.75 8.11x1.08 163.20£20. 08 959.20+88. 79

120 mg/kg 41 7.5142.90 9.11%1.16 181.20+21.28 975. 00+65. 43
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K2 LEAKAR GC-DTPA 42514 d MK ENLGE R (n=5,%=s)

45 K*/mmol - L' Ca*/mmol - L' P/mmol - L' BUN/mmol - L”' CREA/pmol - L' ALT/U-L™'  Asp/U-L™' Aap/U-L' cer/U-L7!
XA 5.06+0.73 2.62+0.05 2.61+0.70 6.54+0. 86 24.20£3.49  41.97+£7.89 149.30+24.66 175.00+34.46  0.76+0.27
GC-DTPA #5254

60 mg/kg 41 5.23+0.33 2.73+0.06 2.33+0.20 7.85+0. 88" 37.40+2.61°  32.90+4.12 144.26£19.04  93.00+47.68" 0.88+0.41
90 mg/kg 4 5.24+0.36  2.74=0.08  2.07:0.21  6.78+0.93  35.60£2.97°  39.206.76 132.26%26.99  102.20+30.88" 0.54+0.37

120 mg/kg 1 4.92+0. 12 2.69+0. 16 2. 12+0.32 8.51+0. 68° 38.20+3.42¢  37.12+3.42 128.42+16.47  94.80+10.80" 0.52+0.46

a: P<0.05,b:P<0.01,c:P<0.001, 5 2} F& 20 1k 4%

X AL 60 mg/kg 21 90 mg/kg 41 120 mg/kg 41

~ N 7 F " 5 - " A 3 &
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BEXU53 T2, He g6 # v 5 45 K it 9 — COOH 5 - OH,
-COOH 5-OH /353 5 /4 mE ST, HeH
BFSEIES2—COOH . —OH 7ER MG BRI 45 & 1 K1Y
REJ1 2P0 K —OH RETE Y 1638 Lh 25 4 137 K
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58 450 A A PO MO A% 25 P 22 18 i a8 iR A e 4
b AR O A 2 2 TE AL, RS SR
BRI

AW 5T 45 R BoR, B A R GC-DTPA 5 K [
ICE-6 4 3E55 37 , A MAE 1~2 d P2k K, 20 AR XS
BRI LE 90% LA L, 32 WA JL B AT B AT 10 2 MO AR 7%
Mo AIRIFIEE GC-DTPA X A B Tk B 3 B0 0 v 2
e 45 RIS, gL 6 AN, & 4K BT
TR0 BT . SO PR 28R % JULITF 405 SR s T % BR 4
HIR T IERES RN TGRS Lo 55
21 55008 B ZEL R A 8 45 R LR A Vo RS i b
TR M e B4 52 3 45 S IAIE T 7 4 i GC-DTPA 5
AT U ) 0 ] 2 A BT

2 AT IR A B, AL A R A Oy v AT R
GC-DTPA, I UL H: W B 40 35 1, ELYE O R4 25 =
120 mg/ kg oA LW (G 4 B 254k 2 B, B 75— 25
FEHA A TEAZ G e BB B AT
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