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EREARE 200 L 30U =R MRS G . BOEHEA, BEHRK 400 51500 pLpH 24 12. 5 ) H & #R-NaOH-
ZRTORE pH 4 9, A 1000 pL 0.05% 2,2 - ms bk i) 1E R B . BERIRY | min, 822G
BUAHLZ 500 pL B F 2 mL FRo WAL . T 95 CHLAEHL 6 h ¥ KA LI, W& & =I5 20 51 A 200
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TH AR A T A TR ke, B ST . R R
Jie s oy CuC TR CuC 1), FJA CuC TH 1 BCA(2,
2'-Temsuk-2, 2" T H O AIER R N A R s AW, TR YOk
S BE 50 5 I ek A R A R R T L R SRR I, i v
AR WIS AN S A . (e 4 o 1k, AT AR G SOk R
I35 H Cu T 72 BRI 5 %

WA AGEE ST HEZRE &4 CuC D FAR
VT ALY 0 U AR R R (2, 2" - RO 5 CaC 1O I Y
2 AW T ML 0 T R T T K A, a2, 21k s ok
B A B 791 Ak 5 T S IR 1) 7K 8 T 2B 0 A A 8 T R A T 1 T
A4 B AEAS W A K AR AU HUAR P DTG RT LA GFAAS 3%
WA HAT R CaC 1),

1 SEgER

1.1 Y57

AA-7000 B J5E I I SN (R A |, AAR) . il 250
FHARAT s B4 324. 8 nm, TAEH 10 mA, BAEFE 0.5 nm,
AT REAR, KW 0.2 L e min ', HEFEIRRR 20 pL, U
R ERUERE . ASC-7000 A HERERR, IRZ A BE (H AR A
oAl s 2 B Millipore 24 ] # 4l K #% . Eppendor! i & % W
HoRWIRG A B0l DTS E MBS R 109
HNO; 2 i J5 FH 8 2lK 35 v =K

CuCl #5 ¥ i (99.999% » BTHL T )3 65% HNO, (i [H 2k
SRR S 5 300 H, O, (FEE BRFO L4l 5 1F s (18 [ BR 58
PR s 1 g« Ll Am 00 4 v ) A9 A Rkl 3 o)
1.2 A&

1.2.1 ARV dn 09 R 5 BOAR AR 22 7R 04 B )

CuCl FRifE s T35 . 10 H 1 mL R 33, /MO R
A HENE GG EH BT E O, IR Tk
A BRI TR A b PR AR M R e, O 4, AR
CuCl fybr il 0.015 6 ¢ B F 10 mL A&, /H0.05% 2,
2Tk s bk 1) 16 T BE VS VAR B E 200 £k, B0 1 000 ppm TE Cu
FRUEVE M . B 100 L FH 2, 2" 1k v Bk ) T 3 5 35 040K K 7
J% 10, 1, 0.1 F10.01 ppm %W » I 0. 01 ppm ¥ 1 000 pL
B2 mLHALE T 95 CHAEH T (A5 b, WEEIRE 55
JMA 200 L 65 % fil§ R Al 200 1L 30 % A K B &, 80 Tk ik
Th, BFEFEGEMA 1000 uL 1% HNO,, EHLNH 1%
HNO, fEfBR, Hah#ERESEsmBEM 1, 2, 4, 8, 16
pg s LU TAEM4.

1.2.2 A M-NaOH £ # & pH fe sl

A FHR 5 28 B 0 K AR AR B B & R -NaOH
ZohiE i pH A 0.05 mol « L' H &R A 0.5 mol « L7
NaOH [t & pH 24 9. 1 206 =& & BR Ab #1536 (1 (0 FE AR 1)
BT =8 SRR, 7 EALET AR pH KRAHN 9,
FT I & #R-NaOH 22 oh i W pH & ZBCH] 12. 5 R 1L
1: 3RAITHED.

1.2.3 HAKk%E

B S50 LY E I Sk R AR R A B B R 15 e i R R B A 6 =

FRAE, A A LT A A E L Sk R A I A B 5 — B I B 1R A

bR I E AR AL W E BT AEAE T KA —80 C.

20 i 0 SRR T A Y T R AR R . AR AR R A HL-
7702 4 ffifE DMEM/F12(1 : 1, V/V) & 10% NCS ¥ =K
s BB IR, WAEMIE, H & ER-NaOH 2% i ik (pH.,
9. )Yk 3 . F—80 CUKA Al = KB MEJG » 15 000 gX
30 min &0, 1 R MR, BCA K ik 7 & K 2 1 ik
BE . ULVE RS B T 700 L 294 Triton X-100 ¥ f#% . 5
B 200 A SV . BCA G I 3 700 60 5 0 2 VR B
1.2.4 % Cu(TCw 4 =0 &

F2 SCHRCL7 105 SRS m i itk - I 100 p ffil 37 (200 pL 40
HER A MO BT 6 mL FRS T AL B R R T A A
780 CHUHMBET (256 hy, JHfE 1.2. 1 b3, FI 120 A M2
Fi B 1 000 pL, FHLAH GFAAS 300 K4
1.2.5 Cul )& EmiE

400 pL I3 CHIE ST AR 15 400 pl 20% =
AR AT, 1200 #8500 10 min £HE . B L5 LR
400 pL & 5 mL RSP, A 1500 pL pH Jy 12.5 9 H 4
B-NaOH ZZ i . R 21 A 1000 pL 0. 05% 2,2'-Hf
WK P IE S VA R, BRI PR 1 min, #4532 S A HLZ 500
pL T 6 mL R AL . 95 CHUARHLT (2 5 b, IRk
1.2.1 4B, ZiEMmA 600 pL, E#HLH GFAAS Bl & Cu
I,

2 #f5ihe

2.1 EWEHHMRL
2.1.1 Cul )82 4-3K 7 B 2 % A4 49 HLis 7l ik 4%

Mg EE % =R CBRTTHE, 48 L BF AR FE 245
f A R A R L e g CuC DO S 2,2 -Be s k4 & HLE
BB A 2 1 A L 00T AE T K. 1 2, 27 I0K s bk
£ CuC IO M2 AR . 25 18 IE B2 — Fh o Tkt
BEAHLIER, HKIRE S BT 5 0 3L ki A5 i
TEH R 2,2 - Bk RE 754 45 A K AR P Y CaC DB F. B
B CuC IO G Wik A B IE B b . S I R B F %
BECO. 8D EAK /N, ARMIRFEK T L2 . K AH 545 HLAH B T
AHHmW . LAEO . B, A SCR A IEREEE CuC 1))
SRR
2.1.2 Cuw(lD B Feyms i k&R LKA, pH 245

WE 1 TR, A 2.2 Bk I R A S 10 pg .
L1 CaCllD) MK W 58 43 T i s A iR D CuCHD K AR
HANH LA X E R A IR & CuC DB A T . 4
XARERAE . RATEER Cul D EF 5% OH 5 Cl JE &
TARAME T A9 . B X R T4 B IR AR CuC T B
F M AK AT A LA Y

HARmS 7B it 5w, & FlEER, fEE Tk
WEER . HEMEES CallD I Mk E M EHLE A&, H
FesE W HCh 16,109 ke B H 2 MR AFE CuC DB FIER &
Ao

WE LR, % 0.05mol e LT HEMRS 10 ug « L' Cu
CID MK E IS 2,21 v ok 14 1F 13 B2 3 9 72 AN TF) pHL 2% 1
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TG JE - BOAHLE PRI R . pH=8 I LT
WAFEMES . 2 HIA R TERSRIBE AT HERYS Cu
CIDE 7 &£ Biuret ML, CuCll) 5 4 A>-NH-§E
ARG SE 114 o5 TG o7 8 45 PR A KL AR K T A R R
HEE . R CaC I 87 AR MEBEA ST AU o i 7E AR M 26 1
TR EE A £ E o NHY CH, COOH™ , K A W {i%
THARRARE R P ek, SBOCEE Ca(TH B T i K
HHEAFIA P . pH=8 BT, RER LB H 2R K
B Cul DB TILF A POK A B A BRI A HLAH . S2 9 b BCH
E IR E R 0.05 mol « L1,

7_

g~ 64 —— Without glycine

gﬁo 5 —=— 0.05 M glycine

& 3

o' =

& 0 44

g5 7]
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o o

g o

8 = 0 - 1
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Fig. 1 Effect of glycine on the entry of 10 pg « L™' Cu(1)

ions from aqueous phase into organic phase

Bl 2 A8 ug L7 CuC1)5 10 pg« L7 CuCll)H
B F R KA 2 H e 2,2 ek ab LS, BB R
HUARH B8 Jr T4 2R . NI 2 hal F I, fEE 2R pH 5
M, 8 pg e LY CaC L) 4 K4 BE MK AR 5 20 A HLAR A o
M CuC D& F HA S il pH=8 I A A 2 AR A L
A, B pHZ=8 I CuC DB 7-xF CuC 1D B 7Ry 2 B A k
WA T,

Total copper concentration
in the organic ph:

8
6
4 —— 8ugL'Cu(l)
2

b ~= 8 gL' Cu( 1 )~10 pug'L"'Cu(1l)

0 T T T T T |
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pH value

B2 AE pH H S #-NaOH £ & ik %f 7k 48 e
AEMNEEE FENEUE M
Effects of different pH glycine-NaOH buffer solutions

Fig. 2

with copper ions entering organic phase

2.2 Cu(l)BEFHRENE
2.2.1 Apemim P Cu( 1) B Feof8 2

WP 3 R BB S pg e LY CuC 1) S AL 40 10 R I
F 10 mL ¥RHE N, 3BT, &M 1 hBUE 1 mL Wl Cu

CIOWRE . 49REH], B CE R IR, Cul L)W ¥
WREANR, 7 h G WL FREAR T —2F . 8 CuC I B T 2,
2Bk MR 1 AT BILAR S+ ey T A AR AR R E IR A
I BRI 4 2 P R 7 h NIROB L A A 4
AL . RN CaC 1) bR i W T &5 2. 236 e i IE
T L

Copper( | )concentration/ppb
w

==& Organic
1 ~— Water
0 T T T 1
0 2 4 6 8
Time/h

B3 ZBHE—RCu(l)EKBERENETHRETK
Fig. 3 Concentration change of Cu( [ ) in aqueous

and organic phases at room temperature

2.2.2 AHpHALBEIRF Cu( DB FHRITHK
N 4 FTOR K LT AR BT AL . — 41— 80 CARIE vk
iR, —HERTRCE. B KXWmE P Cal 1)Kk
B, —JAJE KB — 80 AR vk AF I ML 3 CuC L) WREESEA L
WAEAL, R R ME CuC )Mk EEBEFEAR T 3T 2000, X ]
RES R CuC DA HAAR E B B R A 5. T I 8
AL BIER 2y CuC DB T CuCll . ik, Mz LY
B CuC L) B fiF (4 L3 107 S R I 4k B 0 1 3 32
AR AV 119 240 D 9 00 9 O 7 4 R AR B
280

) S}
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1 L
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™
(=]

200 1
1801
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Fig. 4 Changes of Cu( [ ) cuprous concentration of

serum at room temperature for week
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Fig. 5 Concentration of copper ions in different

concentrations in organic phase

2.4 FEHISHIERE
fe 2. 1 J7 PR AR D0 bR AR A R sl £k D7
A = 0.048¢+0.000 5, R = 0.999 5

*2

3 A F AR EA 22 T B O R R (n=12), Cu
CIOMKHERS 0. 10 pg « L7 H—5E B CuCl B AR HE N
ARE, #5125 FEAEIE M E Ca 1), 1 E bR
WD 22 LR 1.

1 AEEWEMRERE
Table 1 Recoveries and the relative standard deviation
(RSD) of determination method(n=5)

J5 B iR R IEE e RSD/%
(gL /e LH  Guee LD R/ HEZE HK:
401 40 439 95.0 4.1 2.9
352 80 133 101 3.4 1.3
322 160 485 102 4.9 3.8

2.5 EEREFEMHSH (n=5)

F2ULHT, EHUR B E SR A . I R AR A
Koo Cul T ) v B W b 55

FIULH, KRR KL A KK BRI A 2] Cu
CT O, T 40 A6 A0 4t i e JLF- %47 CuC I B FAETE .

BEEESEIEEELESD Cu( | MELERILE

Table 2 Comparison of serum Cu( [ ) between healthy and cervical cancer patients

ik e 2 Cu(T)/(ug+ L™ TCu/(pg» L) B U CuC1)/(ug- L1 TCu/(pg = L1
H1 277.6+4.3 612.4+5.5 C1 363.643.7 723.2+8.8
H2 3104+3.8 742.8%£6.9 C2 381.6+4.4 799.6+5.3
H3 255.6£3.0 752.4+4.9 C3 405.244.8 872.2+7.5
H4 275.6+E2.1 818.047.3 C4 396.442.5 650.847.2
3 I#MERNIRANSESE
Table 3 Contents of cuprous and total copper in several kinds of samples
VEIEYIN B kK PR 20 Jif 5 5 W 200 it 55 S
/(;1g-L") ,/(,Lg-L’W /(/Lg'Lf') //(;Lg'g"Pro) /(Hg'gflPrO)
CuC ) — — — 34.5+1.6 25.540.7
TCu 0.26140.15 13.6+0.9 38.54+1.0 34.9+1.2 25.0+0.8
WE MG Col D& &, REATHTAEYHES S Cu 1)
3 4 THIWGE . 10 58 CuCIl) B T4 JEW & B F 8. H i it

# pH N 8~10 W4T . HEARS CuC 1D IEBE K
R T A L RS B A Y H 2 R4 . 2.2 -1k v ok T 4 v
FA LA AT T K AR 5 2 B A o b W) B A2 TE 1Y
CuC IO FI CaC 1) 43 B FE AN R AR . #F 1 F GFAAS 2 7] LA
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Determination of Cuprous in Biological Samples by Liquid-Liquid
Extraction-GFAAS

ZHANG Yuan, WU Peng. LI Hui, LUO Hong-jun, LUO Wen-hong, LIN Zhe-xuan”
Laboratory of Biological Analysis of Shantou University Medical College, Shantou 515041, China

Abstract A method for the determination of cuprous [Cu( [ )] in biological samples by liquid-liquid extraction-inductively
coupled plasma mass spectrometry (ICP-MS) was developed. Serum and cell homogenate, cell membrane components were
deproteinized with trichloroacetic acid, then the supernatant was mixed with a glycine- sodium hydroxide (NaOH) buffer (pH
12.5) to obtain a mixture with pH of 9. Then 1 000 puL of 0.05% 2,2 -biquinoline dissolved in N-pentanol was added and
vortexed for 1 min. After static layering, 500 pL of the organic layer was collected in a 2 mL Teflon digestive tube, and the
organic solvent was evaporated in an oven at 95 “C. After digestion with nitric acid and hydrogen peroxide, the sample solution
was subjected to inductively coupled plasma mass spectrometry and the data of cuprous content were obtained. The detection lim-
it of this method was 0. 04 pg + L', with relative deviation being less than 5%. The recovery was 95% to 102%. Then the
method was applied to determine Cu( [ ) of serum from cervical cancer patients and several types of water. The results showed
that serum Cu( [ ) was higher in cervical cancer patients than that in normal controls. Cuprous ions could not be detected in tap
water, Nongfu Spring water, and urine. While, Cuprous ions but not divalent copper ions could be detected in cytosol and cell
membrane. This method could detect trace Cu( [ ) ions in the presence of 10 times concentration of Cu( [ ) ion without interfer-

ence.
Keywords Cuprous; Graphite furnace atomic absorption spectrometry; Glycine; 2,2”-biquinoline
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