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Abstract: Oxygenation of three complexes His-Co, Hio-Co and Hit-Co were determined by UV-Vis
spectrophotometry and oxygen electrode, respectively. The curve of absorption change with pH showed that the
oxygenation reactions took place after pH 6.0 for all three complexes. His-Co has two oxygenated species in pH
6.0 ~10.0, whereas, Hio-Co and Hit-Co only formed one oxygenated species. The results obtained from the
equimolar ratio method showed the molar ration for Co:His and Co:Hio is 1:2,whereas Co:Hit is 1:3. Oxygenation
properties and anti-aging processes of three complexes were determined by UV-Vis spectrophotometry at A =384
nm in room temperature in pH 7.0, respectively. The results revealed that all three complexes can uptake
dioxygen reversibly whereas there are obvious differences in their oxygenations, especially in the deoxygenation
rate. His-Co kept 5% oxygenation capacity after 560 cycles /110 h continuous oxygenation, while Hio-Co and Hit-
Co sustained 59 cycles /54 h and 5 cycles /10.2 h, respectively. The order of anti-aging rate of the complexes is
His-Co>>Hio-Co>Hit-Co. The results suggested that the uptaking dioxygen reversibility of the complex with a
ligand of three coordinating atoms is better than the complex with a ligand of two coordinating atoms, and the

uptaking dioxygen reversibility of the aminoacid complex is better than that of alkamine complex.
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T

1.1 K5

L-H AR LR EL (His, CeHoN;0,- HCI) , L-2H 2 i
TR R (Hio, CoH N3O - 2HCI) , 41 Jiie — #h 12 £k (Hit,
CsHoN;-2HCI, MU 7K & B R 4l (Co(CH5CO0),+ 4H,0) , &
AALENE W 0.1 F1 0.5 mol - L7, #hFR¥E WK 0.1 F1 0.5
mol - L7, Z TR — £ TR 4 52 v i35 WX (pH=6.00) , i b — i
iR % vh s T (pH=8.00), 4B — F iR S0 B 2% v i T
(pH=4.00), 12 2% v i W (pH=9.18) , A "(99.9%) , &
(99.9%) , LA L5 24 A Hr 4k

AT UL (UV-2450, H 7R 5 ) ; i 4 =0
7 AL (HT 9146, 2 KRG 94); pH 11 (PHS-3C, [
JEHE)
1.2 ZHEAYREAERRATEEER

T 15 0 PO AR b R RS AR S L
W FE A 1.60 mmol - L™ B BECAK His /KW 15.00 mL
TRE S = 2E S i i B 5 O e R A
FEA B S AN AT DL A Ot L, SE A 3% 2

PEREIRE AR 0 I I 2E 3 SR R AR i
W R RS, IR A 15.00 mL 0.80
mmol - L™ CoID¥ W, WRAHFEIA, 0.1 mol-L™
1) NaOH ¥ W 35 e 5 1S W pH 24 7.0, H UV-Vis
3 6 B 0 5 %K 300~600 nm 1 Y AR
THEL A PIWBOEE 5 IR AR, 5 — R T E AR
AL WOT R AR B8 AU B WO RS E
M 300~600 nm % 10 Bl 9 A WSO R GE
58 S BTN R i =Rl - 23 e 7/ i I B UL/ ¢
SPERE, AW AT MG B ik
AT IR A

) L-Co(I) 38 A AU, RO BE AN B 3 K
BRIk R, WOCEE AW TR, =R A
SCRF— AN 38 2RI i R R — A
W AR TR 3F

LA P A A W s R i R
1.3 SHERZH

MR WARF I 15.00 mL 1.60 mmol - L 1 fir {4
KW T 250 mL A b b i — 1 28 28



R

SRR A 2 TR | 2H e TR 2L P A (IDC 5 9 4R 45 P T 119 L B 5 2389

0.1 mol - L Eh ORI W pH 419 2 2.0 247, FHATA
0.80 mmol - L™ Co(IN¥A V. 15.00 ml., F HL B 5 F1 ff 5
WA RN 515 | PR O BE X IR R b AT Tt B v AN
PRk S pH T CA R T RS AR A I T b A vk B B
pH 754k % 0 A S0 S8k 0 3 YRR 1 VA W pH A
2.0 & 10.0, [A] i ) 9 AL 5E A 6] pH B3 Hrh
SR B L IR T SRS, P TR I0  R OR  A
pH M 10.0 FRER 2.0, FRAHEEAG & A F pH T
WP R AR BE DVERHREEXT pH (H 21
O,-pH Kl

14 BEEVEEEHHNHE

141 BEYEERNYS pH X RA-pH &)

FH A% WA B B 1.60 mmol - L~ 14 e 44 7K 1%
15.00 mL THE &t b R [F] 1.2), FHA SR IR 4 15 1%
WHIEH pH 2 2.0 2247, A 0.80 mmol - L ColIl)¥%
W 15.00 mL, FIH S E AL B E 15 5 pH E A 2.0
AW AE Ak 2 10.0, 75 pH AW B Lt & FIH UV-
Vis JEIE 0 22 I K 384 nm A0 R WG A4
il 3 HAAA B AN A-pH M1k,

142 SEEE/RPLIL 2 B A W e

B8 A~ 10.00 mL W& HIR, 4301 A 0.40
mmol - L™ Co(I ¥ 1.00 mL, #KK 5 51m A 0.40
mmol -L~" L {& L ¥ W 1.00.2.00.3.00.4.00.5.00,
6.00.7.00.8.00 mL /&, H pH 6.0 ) .- FR 5 2%
MW N E R E 100 mL, A, AR K
10 min, {50375 VW SR AN 7R DS 384 nm 428 43 1)l
TESFERIMOGEE A, IO A AR, Com/Cy
NEEARARAERE, 3 E—41L) pH 8.0 1Y I Eb - e 22
PR IROE 2 M7 AR ) ARG EE A Ak bR |
Con 1Cy, I BE AL ARAE L
1.5 =ARAYRK/MEHFUK

K5 1.2 AR 0 52 902 B XOnAE Jr vk, e

VSR 384 nm pH7.0 508 T, e e A AR I
SE TSV ) W ' FE R I B) AR AL BARE S, TE SR I
AW GAE A g, SEH AU, T0 7 9 VIV WA ' 2 B
ARG R EARA | L SFICE O A oo,
AA=A A o ,FIRE AA A AA,, P%=AAIAA,, FF
G PR3 AU, RSN i G st A5 9
VAR AE USRS W B R AL T WO B T £
SRR IE S RAE IR AL, HE P/NT 5%)5
PRI, LUSEG BB 1 (P9%)XT ] 480 A 1T i 45
WP A ACRE T I I/ [R] I AT 22 4 T 0 I R - T
B R WE T SRR B A e AR 3 R
W7 kAR R

2SR5

2.1 L-Co(DBL & ¥ & & & 1M AE

B UV-Vis S il e R LU . 5 i
Co(ID(& 1, Hh £k a) B B A& L(His, B 1A H1Zk b;Hio,
Kl 1B M4k b & Hit, B 1€ #14 b)7E 300~600 nm 3%
KAGE A, 75 % A B 2R H B 8 A8 Ak e
W udg i A A R 19 52 98 26 AF T 7E 300~600 nm i F
9, His-Co(FEl 1AYEE 855 F el 28 % 4 75 At
(M1£& c), oI IR 10k € U WA I 5 0 A i 5
SRRV T IR TG R IR (2 A B
TE 320 M 384 nm 247 [RIEE H B 2 A7 11 56 I i
(curve ¢), BEIIBC &1 5 8 UL E A G EN, 4 R
BEEY; HUGEARS, BWREHE ORI 2R b
@, A TREESHATURES, AR
WA, 405 IO & 4 R AR RSN T 5l 2o 22 U A 108 B
50 & I His-Co HA R UF 1y Al 0t 0 — il S L BE 18
ST 15 WA Z )5 A B8 SR A AR I 2 3 s
(curve ¢, curve ¢’), Hio-Co([&l 1B)7E 380 nm Z& 45 i
I — AR AR Wl i BE G W B AT S His-Co AHALAY

1.5 T 1.0

A B R cl C
I A
c 08 038 \ //%\\
g Loy d g 06 8 06 =N
2 05 - 5 04
< L4 < <
e S TS 0z
0.0 ba 0.0 k 0.0 — b
300 400 500 600 300 400 500 600 300 400 500 600
Wavelength / nm Wavelength / nm Wavelength / nm

Fig.A: His-Co, Fig.B: Hio-Co, Fig.C: Hit-Co
Bl B () S ER (b) RGP (e, o; d, d) 50T WGk R
Fig.1 UV-Vis spectra of L (a), Co(lD(b) and L-Co (c, ¢; d, d). pH=7.0, C;,=0.40 mmol- L™



2390 Jx Hl fk

- %29 &

JEREMZ  HEAT T 15 WS- G IR (E] 1B, H 4R
e, ¢, IER HAT W A0 nT 33 P | {2 Hio-Co 1 3
BT His-Co, 1M Hit-Co & F (B 1C) 1945 50
ST AL A 25 B WIEL 1C T E A i
AWIAE 312 & 386 nm B 2 AUERAE W Wi (B LA
T AT 3 S A PR RE (4R ¢, o), 04 3 1] 4
7F His-Co,

X L2k B His-Co 1A & B AR 04 W S -t
SR S R G ] P BB Hio-Co 8B T His-Co
Bt &9, 1 Hit-Co 7€ pH7.0 2 055 & A5 1R BE
22 FHERIRER

F 4 FRL AR S 56 25 R (I 2) 7T LA | His-Co(ID AL
B YTE pH<6.0 B 1A R AWK EREE pH H 1934 K
Jo 24k 7E pH 6.0~10.0 Ju FIN , R E pH
IV AL A R UV B T T B, B 45 R
HEETIRR P T4 BN TR AY A
7.0~8.5 Z B B — A F0E W 6 Bl 480 Ok BE Bl
pH Fh i PR R B BB E A WSS |,
PRI TTIR R pH (B 8 TR, A R Y Sk
FFURASWIIE A, BB HCR R & A BB A W R il
AR, INIR % pH<6.0 J , 1R F EUS0HR B 0 2140 4 (8
H 4+ A His-Co WA A M & 58 2 d A (K
2A), UL T EC G Y EA RAF 0 R PR RE
Hio-Co 5 Hit-Co BL 5 #143 HI1E pH>6.5 K pH>6.0
G SR TR A A A A A BCE Y (B 2B 4
b, & 2C MZk c), 7304 pH (AR T 10 A1 11 LU Bl
HIRFR pH MHER SRR EA AL, A AR R
B RR pH A N RS RS, KRB AR
FEURASWTIE A, B0 BRSO & A T3 2 E 45 4
A& R S AL ELES (b,b;c,),

- A
His-Co

K2 =AY EZRE pH 22 16(C,=0.40 mmol - L)
Fig.2 Evolution of the concentration of dissolved oxygen

with pH value in three complexes system

VLI A IC & Y 2 25800 5 00 TR 45 A A lide e
1A Hit-Co JU NI R (ML ¢,¢’),iX 5 UV-
Vis ML R+ 6,
23 EEVESEHNHRE

Wi 3B A A-pH B (K 3) al LI, Y
pH<6.0 B | eGP B 5 A I e84k B pH A
W K, 75 pH>6.0 J5 Be A 4 W' BE T GE Y K 1361
S AYH SR EERN, ERE A ; His-Co
(4% a)7E pH 6.0~8.5 A —A/MOFH A -1 A
B A, BEE pH 138K 7E pH 8.5~10.0 TE 1K
A G UL SO B A SR B L I Hio-
Co(M1Zk b)5 Hit-Co(H1 £k ¢)7E pHS8.0 A5 BE#E pH
B I B AR R A E . KRR G AYIP
BT — R E MBS

0.8
g 06
go.
£
2 04t
-<° .
02F
00 1 1 1 1 1
2 4 6 8 10
pH

K3 =4I & PWOEERE pH 22 16(C.=0.40 mmol - L)
Fig.3 A-pH curves of His-Co (a), Hio-Co (b) and Hit-Co
(¢) complexes

1 pH-A W BERE b |38 ik 55 BE R be ik (181 4) I 5
T 3 HEAWTE pH6.0 F1 8.0 B AL AL LE, M SE 56
SRR LR 7F pH=6.0 WS Mk 4514~ |3 4l
B WK R WG SR 30 B AR (2R al-
3), 7 pH8.0 i Co(l)5 His Hio &K 1:2 AW AL &
PI(b1.b2),Co()5 Hit ¥ K 1:3 (¥ BL A 4 Fl (1 &
h3), X LW FOIE R 5 o+ A K EAE T AR U
EERV/E s GRS TR S AR GRS A R SRS U RO Y SR I
(1 3h 71 2 L R (B SRR & B, A R & T 1T B
BRI, BAF G — BN R B His-Co FL &
WG 12 BAE RN — BT In [al(a—x)]=
E, AT £,=0.072 9 &7 404 F8FH 12 T 4R
PR AT AR T 200 s T AT FR AR B2 4 R
J& T PR, BB R R A R T (P%) 4t
30 h M\ 100% %I 2 50%; it 110 h 11 550 &
14 3% S W AR - R 3 B AR B 5 R A



SR A A5 AL R | 2 M R 2 M B (DS & 4 4

e 1 LU 3BT 5 2391

%11

5 e bl
0.4 . His-Co

0.0 !—/v — 93l

121 1:1 12 133 14

SROE 2
E 0.4 Hio-Co

—
2004 ) e
< gg]21 111 12 1, 14
. b3

041 Hit-Co

0.0 ¢ * * ¢33

2:1 1:1 1:2 1:3 1:4

Ao Ny,

C,=0.40 mmol - L, A=384 nm
Bl 4 SFBEJR LRI E =& W 7E pH 6.0(MZk a) &%
8.0(H 2 b) A £
Fig.4 Change of absorbance with molar ratio of Co to L
in pH 6.0 (a) and pH 8.0 (b) for three complex
systems
eI,
24 ZHEBEWIHEMNEE N
3 2 M 25 A5 | His-Co(B 5)A8 B & A&
HR TE 60 s PN AT A M AT VA R R R 4T 6 AR
JFELL {5, Hio-Co & Hit-Co B A 910 W At 2 5
His-Co AHALL, 7E 60 s B35 2 W S 10 A1 4805 % 48 &,
S350 0.027 7.0.020 9 s T B0 A R 35 AH X 4K

A
3 200
_§ 509
g g 350th
=] 0,
< Zg
: 560th
ﬂ 5%
02
i . \ _{_‘\
30h 71.5h 110h

Time /h
Bl 5 BRSSO, BLA YT 384 nm ROE)E
A (C,=0.40 mmol - 17!, pH=7.0)
Fig.5 Change of absorbance at 384 nm following the
alternate leading of N,/O, into the L-Co cycles

%, AT E 1.7 5 2.0 h A REIA BB A 52 4 ; Hio-
Co WIS A e S AR TR, &0 3 IRIEARE A RE S
(P%) T8 2 50% , 5 W A X 2218, 2848 54 h 59
WA G A BE S I E 5% ; Hit-Co e A9 BIIUR
W 8 H AR 40t 5 IR A e
T ZE 5%(# 6),

Wit 1 KE 6 nTLUE 3 HELA YA A R
oAk Wl FE 100 s P35 AT A 2 0% SR AR I
TER RN 22 5 A2 M S5 238 22 ) 5 R W I It 4k
. His-Co>>Hio-Co>Hit-Co ; His-Co 7 i S K &
G Far b i 2 oAb B A A L R

WL 6 v LIS 3 HELA WTE R A RN P
10 h A MR = Il 34 2 UG | His-Co TEZ G 1Y
A1 B R A IR A R A1 % Hio-Co TF
35 h LA A S WO 06 2% 5 1 Hit-Co W 5 HEF
FE(E 6 12k a,b,c),

ARSI F P K 3 FECAA | His-Co Al Hio-Co
1) TC A2 2385 #4 ARLAL | A7 J5 7 4B NNO, H) 78 48 & Pk
AE LRI IR A2 X FERRFENRIE R
TFEEM LARRS R T XM R 22 5R ) RILELAE
SR A AL P R b YA Co DN SEHEA T,

100 |

80 |

1

0 20 40 60 80 100
Time /h

120 140 160

6 A A (I)(a) 20 M B A ((b) 41 e &5 (ID(b) B A5
Yy 48 e 0 s 2%
Fig.6  Attenuation curve of oxygenation capacity for

His-Co (a), Hio-Co (b) and Hit-Co (c)

®1 ZHARANEASH

Table 1 Oxygenation parameters for three complexes

Parameters
Complex
boggen | 'S Laeoggen | S cycle time time /' h
His-Co 60 560 110(5%)
Hio-Co 62 59 54(5%)
Hit-Co 65 5 10.2(5%)




2392 kMl otk

L

EE %29 %

53— 35 4 4 T 5 RO 0 2 7 A SRR (1 T, B —
S T B R R4 e LS A B S TT f XL
R 5532 FE SR A B R W 7a B | SR R0
A ] £ 7 0 DU RS R T
PRGE T ARG IR E | 1T 5 SN BIA L & 1
SR AT SR 3 4, e e AR 9 o, 514 T (721
PR ) R A T A R

Hoo

N
H

()

o}
Vi N0 7
N \C/‘)h/o I
o ]l\,\,-» 0\‘N (6] ﬁ %N
I HH N
0 ¢ | OH L

B AR B BE A R 42 M X T A 5 R 5] ik
JR) b A H el R AR AR A SR SRR
RGP AL AT EREAR

5§ His-Co H1 Hio-Co MY ECL A7 25 AN ]  Hit-Co R
A ES A A TRE ), R Hit BL/R R 2 4 N R
TR, BT L Hit-Co FBLANNRIHE Z H-Co i A 41530
— R WA RE AR R AH A SN AT P 2%

e}
=}

(b) ©

BT SR ) LR AL S YA B A 055 b 5
Fig.7 Structures of oxygenated complexes of His-Co(Il)(a), Hio-Co Co(Il) (b) and Hit-Co Co(Il)(c)

3 & it

AT R 3 LA YA T RE R TSR
M ,3 HBA WA E RKE WS T RAERS
S W AR HOR FE A AR [R] 7 60 s 26 A7 BV K 2176 il
L R R K bt & Ak B I fFAE W B 22 % His-Co.,
Hio-Co Hit-Co 4351 £33 560 ¥%/110 h .59 ¥X/54 h.5
/10.2 h ARG | R A RE ) IR 5%. 45 R
UL, =R C A T A T SR g
ToRARFRIARECEY, AEREAYILT
SERAY

SETWK .

[1] Niederhoffer E C, Timmons J H, Martell A E. Chem. Rev.,
1984.84:137-203

2| Martell A E, Calvin M. Science Press, 1964:358-378

3] Busch D H and Alcockt N W. Chem. Rev., 1994,94:585-623

4] Kobayashi M S. Eur. J. Biochem., 2001,261(1):1-9

5] Yu M H, Dai M, Liu Q, et al. Cancer Treatment Reciew,
2007,33(8):757-761

[6] Murray L J, Dinca M, Yano J. J. Am. Chem. Soc., 2010,132
(23):7856-7857

[7] Johnson C, Ottiger S, Pini R, et al. AICRE J., 2009,55 (4):
1040-1045

[8] Castro C I, Briceno J C. Artificial Organs, 2010,34(8):622-
634

[9] Buehler P W, Agnillo F D, Schaer D J. Trends in Molecular
Medicine, 2010,16(10):447-457

[
[
[
[

[10]Haber J, Matachowski L, Pamin K, et al. J. Mol. Catal. A:
Chem., 2000,162(1/2):105-109

[11JHAO Chao-Jun (JE# %), HAO Chen-Jun (48 B F). Chem.
Ind. Times (Huagong shikan), 2006,20(9):7-9

[12]Adduci J. Chem.Techonl., 1976,(9):575-580

[13]YIN Xiao-Chun (B¢ /M%), WANG Rong-Min(E 7 i), HE
Yu-Feng (7 £ R\), et al. Prog. Chem.(Huaxue Jinzhan),
2011,23(5):963-972

[14]Simplicio J, Wilkins R G. J. Am. Chem. Soc., 1967.89:
6092-6095

[15]Harris W R, Mclendon G, Martell A E. J. Am. Chem. Soc.,
1976,98:8378-8381

[16]Tiné M R. Coord. Chem. Rev., 2012,256:316-327

[17]Shuvaev V V, Muzykantov V R. J. Controlled Release, 2011,
153(1):56-63

[18]Melchior A, Tolazzi M. Inorg. Chim. Acta, 2011,367(1):120-
126

[19]Keypour H, Ahmadi M, Rezaeivala M, et al. Polyhedron,
2011,30(11):1865-1870

[20]FU Ji-Hong (ff4%£T), LI Jun-Fang (12 35), FU Pei (1),
et al. Chem. J. Chinese Universities (Gaogeng Xuexiao
Huaxue Xuebao), 2011,32(7):1483-1487

[21]LI Jun-Fang (%2 7%), FU Ji-Hong (fF4K4L), FU Pei (1),
et al. Chinese J. Inorg. Chem. (Wuwji Huaxue Xuebao),
2011,27(11):2225-2230

[22]XIAO Fu-Rong(H %), WANG Ji-De(F 7 ), YUE Fan
(% JL), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2006,22(7):1293-1298

[23]HAN Zhi-Jian(# i %), ZhOU Hong(J4t), ChEN Han-Wen
(BRI 3L, et al. Chinese J. Inorg. Chem.(Wuji Huaxue



R

SRR A 2 TR | 2H e TR 2L P A (IDC 5 9 4R 45 P T 119 L B 5 2393

Xuebao), 1992,8(4):421-426
[24]Martell A E. Acc. Chem. Res., 1982,15:155-162
[25]ZHANG Yi (3K ), WANG Ji-de (E 7 %), YUE Fan
(£ V). Electrochemistry (Dian Hauxue), 2000,6(1):45-51
[26]ZHANG Xin-Cun (3K #)), YUE Fan (f& JL), HUANG Yan
(BTH0) et al. Chem. J. Chinese Universities (Gaogeng Xuexiao
Huaxue Xuebao), 2012,33(7):1370-1375
[27]LEI Hong-Qin (% £1.%5). Masters Degree Thesis of Xinjiang
Uinversity (#1758 X 5 51 + i ). 2010.

[28]SONG Na (K ). Masters Degree Thesis of Xinjiang Uinversity
(758 K 55 £ ). 2010.

[29]FU Pei (f4 ), FU Ji-Hong(#F 4% £1), LI Jun-Fang(%* 12 J5)
et al. Chinese J. Inorg. Chem.(Wuwji Huaxue Xuebao), 2012,
28(7):160-1364

[30]Yue F, Song N, Huang Y, Wang J D, et al. Inorg. Chim.
Acta, 2013,398:141-146

[31]Gajda T, Henry B, Delpuech J. Inorg. Chem., 1997.36:
1850-1859





