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(l.PEAFHEER TABNKENEAREELEE, HME Kb 410008 ;
2.PEAFMEER BAA, #E K 410008)

HE . BY AR T8 (PEG) R AWM (PAAS) sTIR 4 KB 45347 R @itk St R Thid
IRAS RN R AT, TTiE AT iR B &R A RAR B A5, 585 PEG A= PAAS #AT A @ RCH, KAk
BV, AR, EHEE. X RN RITHE. Db F R AL T BT B 6 8 R AR BR 45 R
Hbr 6y M IR AT, SE R R T RO AT SR BN R A RN TR AE SR . SR RO A R AR ER
45 PEG/PAAS Jofil 4 1 @ 1 BY AT R &89 AR BB 454 1R, WA, o#ckE. SRR MR, 4 h 2 A48
BFREBRIKE 30 pg/L AT, RFHZHHREER, SHMRRBRS LRI H £ FA LT 5 EL (P <0.05),
4518 22 PEG A= PAAS BUMEJG 89 4A KRR BRAS ML TR AS 2., Rdr, Tt —F 1k o MR 7 52 7 T AAR7 8 IR 4G
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Research on oral agent of nano calcium carbonate
modified by PEG and PAAS*

Ming-mei Liao', Cheng-zhi Wang', Ping Xiao’, Jin-feng Zhao', Yi-feng Pan'
(1. Key Laboratory of Nanobiological Technology of Chinese Ministry of Health, 2. Department of
Nephrology, Xiangya Hospital, Central South University, Changsha, Hunan 410008, China)

Abstract: Objective To modify the spherical nanometer calcium carbonate by polyethylene glycol (PEG)
and sodium polyacrylate (PAAS), and analyze its effect on intestinal lead removal in vitro. Methods The spherical
nanometer calcium carbonate was made by the method of compound decomposition, and it surface properties were
modified by dispersant PEG and PAAS. The structural characteristics of the modified nanometer calcium carbonate
were investigated by the analysis of particle size and zeta potential, scanning electron microscopy, transmission
electron microscopy, X-ray powder diffraction method and infrared spectrum. The effect of lead removal from the
simulated intestinal fluid in vitro was measured by atomic absorption spectrometer. Results The particle size, electric
potential, dispersion and crystal stability of the modified nanometer calcium carbonate were the best when the ratio of
PEG to PAAS was 1 : 1, and the lead ion concentration was reduced to below 30 pg/L in 4 h, with satisfactory effect
of lead removal. The difference was significant compared with micron calcium carbonate (P < 0.05). Conclusions
The calcium carbonate nanoparticles modified by PEG and PAAS are stable and non-toxic, and can be further made
into oral preparation for removing lead from human intestinal tract.

Keywords: nanometer calcium carbonate; polyethylene glycol; sodium polyacrylate; lead removal; lead
poisoning
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5 28 &

PV b gAML AR T, ST A
ERZ R 0EZS: N REE R LN IRV G o =S TR
REXT AMAPIZE | I, Tk IBIRAE RS AR
FERE AR, AR AN G, ™ 5 )L 2
R JIRE ", ML FIgICae ) T MmiE IR
B PE R R R A R s ) R . IANIESS, B
WS M RRER T, EEIARAE A ZHEUR Y, TR
Y EAT FahimE A, AT b BB R AR,
IS S AT IR I Y 40 ~ 100 %5, HAEGPEPEA%
GEORET T R A S R A R — B4, (EEH
KA 2R S 22, HER IR AR S T
PIELT TR LA R, T E R AR B
PLTIRE, T RIS JE i S U S RE A 52 e A
WFTEFHT ™, TR 14 5 AT AR I AR A2 P /N i
SR, AOKBRIRES BRETSCR S H IRER T 259 — ik T
TRRMECRIEAAAR], BN E A, HR R
PER K BRI 5 B A TR SR AR P, R REE
B IKBRIRERL T REEAE— RIL AR ™,
HAEA DU AR B , S BERESCR AT
ARICH AR (polyethylene glycol, PEG ) FIZEH
IR EN (polyacrylate sodium, PAAS ) X ERIE 40 KA iR
AT RO, DR R IKETRCRE, AT A
- bl IS 27 = i e =1, 7 e e 2 (S S L TR 70
EER, ANIG S e S EEL T e B i A

1 RS

1.1 KFEMEE

L1 XA GOKERIREYS (LY AR R R
BRAF]), JoKBkmREs ( RETH A aGR) ), JC
IKGEAES (RETHEXMAL IR RS A R AR ), &
o ( ethylenediaminetetraacetic acid, EDTA ;
FE 2R R A ), + KSR S 5.
PEG ( H 258 AL R RA T ), PAAS (Kt
JCEAEAMACTHITERT ), KGR, HAdn o o
Bréti,

112 MAE BTFRFE (Hit Mettler Toledo 23] ),
THIREE I hiPEds (HI-3, &InmiBESrGs) ), BT
$EAf (DZF B84, JEatiidot M B PR A IR A | ), 44
KL G HAL ML (FE[E Malvern {XAFAH] ),
BUREOHL (5 Heraeus 23] ), 8P IR (3£
[# Fisher Scientific 2] ), Tecnai G2 Spirit TWIN el
HUBE (&I FEIZAH] ), S-3400N F14 ¥ Wi (H

Ak oAt H L B AR A E] ), DIMAX-3A 7Y X 4
RATHHML ( HAER2E0F] ), Nicolet 6700 f#37.HF£1 41
Y%A ( ZEE Thermo Electron Scientific 23 H] ), AA320
RS (ISR S AT FR A ]
SIHTANER BT s

1.2 FHik

121 RBP4 % TE 2 mol/L Na,CO, I 25 ml
R EE T A 2 mol/L CaCl, % ¥ 25 ml, 3843 K2 W
30 min J7, ELOUEETINE, WZEKPER 3 Ik, JoKZ
RSl 3 UK, TR BV AT A5 B HORBRFR ES M K

122 B RBEBRA5H & 1E 2 mol/L Na,CO, i&
W 25 ml LA EDTA (2%, w/w-Na,CO,) F1 Na,HPO,
(2%, wiw-Na,CO,), XN 10 min ; F5-F 2 mol/L B &
A PEG4000 (1%, wiw—-CaCl,) f) CaCl, 7 25 ml 2%
P INE] A Na,CO, RGP, 7853 500 30 min 7,
HIA PAAS ¥ (1%, wiw—CaCl,) 50 ml, [A] W78 A
10 min ; ZEIRHEE 72 h, BEOIREDIE, BEEKYERR 3
W, KBRS 3K, TS BV AT 15 30 v g8 K e

FRESHY A
123 BAlEEE =3 min B 4 6.8 g, I

7K 500 ml [, 1 0.4% SEALENE BT pH (5
£ 6.8, JHUBNE 10 g, M/KGE R, HHRIES
J& , IZKFRREE 1000 ml, RIFSHHI+ —F i
1.2.4 B P4 B FIRAEGNE KERREER
TR AR SR S A ZE 100 ml B, (455 +
LU R 500 wog/Le RSB FRBUAORBRIRES . oot
YORBRIRES . THOKRBRFRES 45 40 mg 20l N AR iR &
ARV B U R T, 37 CHEIRAKIE, IR
PEFE (100 v/min ), $%—EMHAIAIRG, K5 2 ml 3%
W, 0.22 pom FEALIERTIE, BRI BOEREY
T A B TR B
1.3 FHitEFHE

Bl TR SPSS 18.0 e 4xtd:, THE VORI
o+ prifEZE (xxs) Fon, RAHEE MR RITHY)22
38T, P <0.05 MESAGITHE L.

#HR

i % BB M A R BB S5 Y B M R AE
Jr ] o A R PEA R BRI S FD R AR S HL AL .
Hid g ( scanning electron microscope, SEM ). 755 H
4% (transmission electron microscope, TEM ). X Gk
AT HE ( X-ray powder diffractometry, XRD ), ZI. A

2

2.1
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B, 55« R4 T EEHERDIIREREIN AR BRERES 1 IR0 0 et A R

Jtil (infra—red, IR ) 3BT 53 R AL T-BOW HA5 A RFAIE
TR R A% 55 HL AT s i 4 B AP AR K B R 4
SEHPRIAR(91.28 + 10.2 )nm, I HLA A (—28.8 +6.43 )
mV (JLE 1),

F 4 P 5T 325 S5 P Bk 7S A 9N K ik R TS
HESMECIRES, BRI S NERIE, Wik, A5
AR EON (WL 2). FIRLCAM GRS S & A B
FXRD [RIEFFRAF AN [R] G AL R 55, AR A S 21
HMETE P R SR L AL EFAR, HERTZAR
HIZEFE , S8 AN TR ) A8
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B 1 SRR R AT R

A TEM
B2 wiEsKmEReS E

21 40 O 35 B RE AR I IR 0 SR 1 436.73
1084.40., 876.97 } 745.01 cm 43 Bt R BRIRES H C-0
FOSFRAaRSh . CO3 XHFRfR4E . CO32- T4METE
PR H 0-C-0 Wy MBS . HANAE 1 084.40,

B SEM

( x 500 nm )

Mizk 3 AEREREIMNRIEIERILER

876.97 BT A R FRES AP E M e, 38 7E 745.01
HHPER A R IR S0 . LI 3.

XRD 57 il £ 0 B0 PE GhOK Bk R 5 TR & W vh A
fififr (104) MORT ST AMEREA (110) MIRTHIE, W
B PEG A7 I 7 Jon o 2K 7 £ ik R 25 19 Fo et (UL &I
4 ). C=0 JRFFR A 4 41 0 W Wi e 3 BAE 1 490.01
1436.73 cm, [Mi#A PAAS Fll PEG 1778 A= iR BRER
FEATE 1421 em, FHECEST S HIUAIRS,  FLRS AR
BE, X WAL N PAAS Bl PEG 777 IR R 55 i 4 1
PRARME AR, TS E C—O A FRIR 46 4R 3h s 5%
PAAS Il PEG X B RAS fi AR ) ik 5 A AT IR
P S R TR AT B RR ST IR e M
2.2 3 AMBBEENT ISR PHIBRBYER

PR 38 W PRI A AR BRTR S . 4K
TR ES FOR BRFRES I BRATHCR , b3 1. 2. 3. 4h
Je BT S U B LA, SR P R I i1 Jr 2550007
50 ORI BRSO A 22 5% (F =26.08, P =
0.000 ); @ 3 AHRRFREGRETRA 25 (F=11.16, P=
0.028 ) ; LRI 2R (F=1.19, P=0.337). I
B%.

SORIRIRES LS, SCPEGORBRIRES R/ N, 43
B, ERIEFRR, EAC, SRR, 4 h GRlEE
BTWREREZE 30 we/L LIF, BREFRCR LT A S
YERBRIRES (1=3.603, P=0.023 ), WK 5,

100

2929.98.55
2504.13 .
2 3783y
1 843132.'32
1 084240

3 43 Jsabihr

PEEL fem
B3 BUESRERERSSHILLIM i

( we/l, X+s)

PP AR AR RS 282.6+12.5 115.0 = 10.0 633+75 21.0£4.0
YK RS 3152+ 18.7 132.6 +13.5 82.9+9.1 36.0+5.5
TR IR ES 389.3+21.0 311.6 £22.6 276.0 +24.4 257.2+18.0
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ABLBAFAENOU T Al B e i Bk A i ™
EDTA FIAT A OB RRER TR 1 vl W B 2 s T
K, BRSO PRI LR

TFRYAHCE ", TRE YRR IR 5 A A5 5 2 AR
BRIAORBRIRES . 7 H0I——PEG BAMME, nI
B E AR AR RS (1 5 ST b, A A TR A fh ALY
TR ERE ", PEG AT FERUREF 10 T HOWE B2 22 [ 1)
PEBHAL , 38N FEAE AR N PRSP R PR B,
RSt i KT (o AR A7 BHASONE , 38 IR
(R PEG I i 4R BRI 25 FL A e BN, Bl
JiCE B [T ) 7= A AR . 43R ——PAAS A fifig)
KR (- BPREAR SN, AR 5 3k R 2 T s o
KB T3 R E MEFRAR "™, PAAS 7RG KR BRES Tk
FIE BUE [0 HES 1 5050 )2, FEARaRimne, 48
R, (EJE Y S W A B R, PAAS Jd i Bk
AR s K E RS G A, AR EREE LT, fEgK
BRFRES FR A X 2 o aon), BEEA R AR
25 [AERELRLNE , S AE X, 3 5 A 1] (4 HE
01, RRGORER RS Y o B T . FRE TR
PR TFRAR 5 R BRIRES R A L], 2 PEG I
PAAS [ 5T A B 1 1%, AT LA 31 B A3 HL
KR A U A

AR SCHi B 1 B G ORBRTR S E B AW T 4 b A2
FRER TR TR RN S 30 po/L IR, HE@gik
TRTREG IR A R FEA A ], 5 tRER ™. XMW "
LB I AR SO E ORI TR S SR R I AR M F] . T
YRR EG 1 i (B3 B 25 5 ULV . B RUAT R AR, 5
HIREROR, ARk 2 itk 2 5, e HR
SEPE, MM R IR RICR o AR SCH & 1 O 9 oK TR
FESRAE FRIE TR PAAS . PEG 2 FhMBRIAE R,
P B R A 5 A S e 4, 2 A= A= D TvE SOnE il A,
EIR/NE R /2] . HBAIE A BRIE 90Kk
UEGORBRIR S R AR R/INVE G, A%, AEAEY
FAmE S T, TR ARG E BRI AR,
i+ AR R B R T, TR I S
W BB IR, BEAS(EHER ARG, B e 85 5 R
RE BIHLIARAMG AR5 22, 38T BHL #1575 i T8 P9 A ¥ B8
SR,

25 TR, 28 PEG H1 PAAS BCPESS (90 KBRS

PERERE , JoRg,  nl kAl o AR 0 1 T AR
i BERET .
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