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Abstract; Nano-calcium carbonate refers to the calcium carbonate particles with size between 1 ~ 100 nm. Due to
its special properties such as quantum size effect and surface effect, nano-calcium carbonate widely adopted in rub-
ber industry, food processing, cosmetics and medicine synthesis. With the extensive production and application, a
large amount of nano-calcium carbonate comes into the ecosystem, and further enters the human body through re-
spiratory tract, digestive tract and skin, thus arousing people’ s attention to their potential health risks. At present,
many studies have reported that nano-calcium carbonate shows a certain toxic effect at the cellular level as well as
in animals. However, most of them only analyzed a single exposure route and provided different toxicity mecha-

nisms without clear determinism. Therefore, based on the research of calcium carbonate, non-toxic or low-toxic
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nano-particles, this review introduces the transport and metabolism process, in vitro and in vivo toxicity and possi-

ble toxicity mechanism through different pathways in detail. The current research is expected to provide a new idea

for evaluating the biological safety of nano-calcium carbonate.

Keywords: nano-calcium carbonate; exposure pathways; transport metabolism in vivo; nanotoxicity; health risks;

toxic mechanism
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( Human exposure pathways and in vivo transport
and metabolism of nano-calcium carbonate)
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Fig. 1 Gastrointestinal absorption pathway of nanoparticles
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( Toxicity and epidemiology of nano-calcium car-
bonate in vitro and in vivo)
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Fig. 2 The schematic diagram of toxicity study methods of nano-calcium carbonate
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Table 1 In vitro toxicity of nano-calcium carbonate
WFFExF 4 MR Sl i L 225 3CHk
Research object Conditions of administration Detection methods Toxicity References

AN INT-407 4H it

. . 0~1000 pg-mL™"';
Human intestinal

WST-1 #; LDH i ; H, DCFDA ¢G4
WST-1 assay; LDH release; [22]

ROS *: ., LDH F&jik

0~24h ROS generation, LDH release
INT-407 cells H, DCFDA fluorescent probe
MTT #:; DCFH-DA ¢G4t ;
HCT-8 41l 0~300 pg-mL™"; GSH ,SOD .MDA ik 00 o) 24t L 144 40]
HCT-8 cells 0~72h MTT assay; DCFH-DA fluorescent probe; Inhibition of cell proliferation
GSH, SOD, MDA release
MTT #:; GSH-Px .SOD MDA B¢ ;
HaCaT 41 il 0~300 pg-mL™"; Western blot 341! Y AT T 421
HaCaT cells 0~24h MTT assay; GSH-Px, SOD, Decreased cell survival rate
MDA release; Western blot assay
NIH 3T3 41 WST-1 % ; DCFH-DA FOGHRE 5 2 508
-5 - DICIRE ; B RS .
F1 MCF7 4R i 0~50 wg-mL™"; JCHA S Ak
WST-1 assay; DCFH-DA fluorescent probe; ) o [43]
NIH 3T3 cells and 0~72h No obvious toxicity
Comet assay
MCF7 cells
WST-1 #:;LDH Bl ;
THP-1 F W40 FEFEEC 32 W B 55 (ELISA) IL-8 Fl TNF-o B
0~200 pg-mL™';24 h [44]

THP-1 macrophages

WST-1 assay; LDH release; enzyme linked

IL-8 and TNF-« release

immunosorbent assay (ELISA)

2.2 PRNEEE

A A P A5 380 9 K SBURE 5 445 PN 22 Fh 4 i | i
W R IR RN E N, B, R A
SOESIE7/L s iV b o g N ks o A B | A A =
FEALTE MR A bn FNZH 22500 . A Kk
FRES TR MR N IFFE AN R 2 TR,
2.2.1  RMFIER GRS

YA IR S AT 2 3 il b B A il ) B Aoz
DURR, 2 it i) 1 T RE . DLk 22 SR IEA
PaXf Wistar K ERBEAT YL 55,5 J8 IS & 90K BT 6 o
VRV LDH T 4 1 1L 6% B2 1 % 92 ¥ (acid phospha-
tase, ACP){i P16 Y 5 551 43t =7 i35 ; 9o BEZH 41
PR A A e PRGN AT R 55 e 1 KBRS U v 1
A AFIRE BB, 22 B 9K B iR 55 2 F il 552 Jo 70 B
PELHAUE it . IR S Xt SD R B Gy 35 J5 A
N iR O o 1 N D 3 1159 A N GE B2
YRS SRS R AR R, R A M 4 =
iz RSP o6 & Y (OIS RNy U e D NS IR
KBRS P 5| b2 R UM U 218 M 4 AE | 3, i I
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2.2.2  XFIMAE PR 2R G850

YRR RS 28 45 Fh IR A2 OIS |, 7T BB 23 0T IV

TEIR R Gesh K — 5 W sZ i, A BFoT RS T i
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RO WPERR RN KA AR A B R
P PR 25 45 W 3 T 25 (P<0.05) s £T 41 g K F- | il 2T 7
P14 0 2 R BR(P<0.01), 2 K I S 40 K ik 1R 45 1)
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Pk B FE I A , 2140 M 205 A B R I s 7
AL O LA b ik W24 008, A ™ AT
Y 3= B0
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AR, KIS R AR IR S )5 |, vl AE
IE T REA 4 LU AL AN RV, ££ F 5K &
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S5 R 8 B2 AR 9 % B, R BRUE /NBR 7 It Aok
PENRIBRARAS 5 ve 77 2 L 2 ] LU 2% 2 W ] kiR
IO L 200 AR i, 3 B /N R A ] BT R B R R
W e 5 14 K BRAR BB J B i 2 40 s H AR A 1
FERE, &P MDA #5 t2 TX HA 4, HL Rl 771 4 Al 188
AR | FHEIP<0.05), BRE e RIAT SC b1
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Table 2 In vivo toxicity of nano-calcium carbonate
EROE EEEWIEN AP .
N, . RUIDIRES BEME 27 3CHik
Research Administration Conditions of . o
) L Detection methods Toxicity References
object method administration
M Ca®* & T,
01 000 me-kes WL 2 ———
- AT 5 1007 B AP
HEEAY (SN W\, A : :
SD K . - A3 5 AT Elevated calcium ions
Intragastric SR 90 d [47]
SD rats L Hematology; Blood levels in the blood,
administration 0 ~1 000 mg-kg’l; . .
biochemistry; Necropsy emergence of multifocal
once a day, for 90 d . .
cysts in the kidneys
7 d 2AkREE
(13 g-kg™);
28 d AR MR I R LS 5 LT 5 o FEE A )
A ] " . ) LS 3
ICR /M, ) (13.0.13 #10.013 g-kg™") Clinical observations; )
. Intragastric o . Elevated serum calcium [48]
ICR mice o 7-day acute toxicity Serum calcium )
administration . . concentrations
(1 3 g-kg“); concentration detection
28-day sub-chronic toxicity
(13,0.13,0013 g-kg™")
14 d 2MEREE
TESBAL A, 2140 LK ,
.:. PSRRI 28 | O I A5 5 1 2
— 28 d WABHE R L 4 A oud i opic
R . edema at the site of injection,
SD K (59.590 15 900 mg-m™2) ZH 25 B 2EAG !
Subcutaneous . o . decreased red blood cells, [49]
SD rats ) 14-day acute toxicity Clinical observations;
injection granular lesions in the liver,
(1 770, 11 800 mg-m™2); Haematology and serum i
) ) ) congestion of the
28-day sub-chronic toxicity biochemistry; Histopathology )
heart and the kidneys
(59, 590, 5 900 mg-m™?)
084 120 mg-mL R0 B T
N . =P M VY ] ) 12 10\ 5w
wisar KB SHFEA B | K S S R 8 DNA #iff
_ T Comet assay; [50]
Wistar rats ~ Tracheal injection 08,4,20 mg-mL’l ; ) DNA damage
Sperm deformity test
once a week, for 5 weeks
12.5.50 #1200 mg-kg™'; Wi 5
SD KR T ik A 5, EESE 12 A Morris 7K 5 1255 K Pl e 511
SD rats Nasal drip 125,550,200 mg-kg™'; Open-field test; Mental fatigue
five times a week, for 12 weeks Morris water maze test
12.5 .50 11200 mg-kg™!; I3 RIS A= 4 . N
o o N 6 7 LK I, /BRI
SD KB T Gk R 5 K, EELE 12 A AL H A U )
) Alveolar walls hyperemia and [52]
SD rats Nasal drip 12.5, 50, 200 mg-kg‘I ; Haematology and serum )
X . . edema, glomerular swelling
five times a week, for 12 weeks biochemistry; Histopathology
12.5.50 #1200 mg-kg™" ; . . .
s - o L 3% ; TBA 5 ELISA 12 P
SD K i ik R S R iESE 12 A ) =Rt
. Colorimetry; TBA assay; o [53]
SD rats Nasal drip 125,50, 200 mg-kg™'; Oxidative damage
ELISA assay
five times a week, for 12 weeks
2.3 WATRFIISE I T 98 SR AL X AR PRS2 0 P9 U 7993 2 BRI AF X

— PR, GA K AU Y A W3 P L L TR R ) i
ATROK SRR 3, X6 BILAAR 7 A= 451 405 19 1T BEAE B K

B HAFFESE RIFA — 20, 1 SFE 0 i va g4
KERIREG) 129 44 TNBEAT H MUK K B, #e 41
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TN IR R 3 ORI L P S 3R I A
ARG = BEA R R I S L EA R L DS S ARE = TN TR S s
Y5 T R AL(P<0.05) , hd FH 20 ARl 1 05 X6} B A 2 58
NHER IR LA R GEAT —Ese ), BRI ™%
YKBRIRES T TN ARG 2 4% 5 2 B 9 R BRIR 5 114 122
A RS ML R G RGN RS A —
SE L X B E N 35 A% 1 R 1 5 2800 AN W
Li 25O B8 2 45 R A QORI IR £S5 22 B 41 T A1
L2186 Tl T Vil it 4 7T d 2 T v, L P € 1 248
B R DRIR LR T 35 S8 A A1 il )
IR A4 HBG R B S A5 5 (P<0.037), il 3 125 A0 A g i
Tt SRR AT 5 9 K i T2 5 IO VAR B8 2 A DG (P<
0.05), Franck Z5°" iy B 53 A5 BIAH L AO 2516, &
2, RIRN = 7K 1 400 OK Btk B 465 3 2 XA Al A 7
) it R 7= A — 2 A SE )

3 FH%HLE ( Toxicity mechanism)

H A1 FE PN SIMIF 5 T A 40 K A ) B P
W 3 R 32 AL TS S B SE )N, A
WFFE 25 T, 17 Al 2 0 K b R 7 A B 1 1 L
Dy AT, L A W 48 A0 N 355OR R E R T BB AT AR —
MIERR
3.1 SRR

AR I VR R LA A ARG AR T AR Y
ROS i Z s HLIATHER ROS fiE /1 FFEHIR S, Kim
SECIPTAN T G K AR R £S5 X INT-407 40 Jifd i 41 it 25
P, & A0 6 B b K B R 5 )5 7 AE ROS, i
AN REZREL, ROS JEIE# AR A El =, B
A AR B RIS, 7E 40 LA 5% S b R 1 AR
FHRUZAE S5 ROS 7K -2 i 0 20 i 79 B 1 4544
SRR A, 5 e 4 A AR A ) g AN 4 A Y 1F
BRI, 2 A AN, 1 A MR A

£ ROS A il H A LT, GSH & 41 A L
B KIEIHAE, SOD 454t S AL i i) 1 PR R AR, B 3
HY ROS Fl A A RE ST A Y 1 2 AN FI g
iR, 51 & B8 it Ak, JE B MDA 458 Bt 4k =
YIAUER ) A 5L, s 5 U R ROS 11945 3
YRR kIR SRR SN ISR T AN [ A A28 ik i 55
Xt A E W b Kz 41 (HCT-8) ) 241 Jifd 25 4 At 4k
PAEVE , A IRAHOK 0 49 K B T 75 A 34 ] 5 S04
LY o WA 40 B9 9 ROS Fll MDA 72 4E 3 £ i
SOD {fPEFI GSH & 1 T [ (P<0.05), I 5 571 1 4K it
P T SN BRGHE AT A0 K ik R 5 L B i, 7E ML
T8 PR R U ARG I 3 MDA 5 £ B 7R 2 1Y)

Tt B, GSH & i B 7 4 19 38 0 522 °F %
T IR B UR O G K R R S A BN S, A Y
ROS = %2 GSH WM #E, SOD % M %A1,
g FUEAL =4 MDA F=i 380, LA B 3ESE T A AL
PR RE SR AR RS 15 A0 M B PR A B Rl 22—
3.2 RAEN

PN SINAS 5T A R T B A ) RN AL 2 ) S
& ARG I RN, SR, A Bt
JEE R AR AE BN AT BE R BIHLAAR AR RE T, e 33K
KK B W, SoyZE 4™ A= 0 20 Jf PR 70 R E
b AR 2 G E R A B, R SR PE A - (TNF-a) |
1 40 Af A 2 -6(1L-6) A1 4 41 ffl £~ E -8 (IL-8) AR FE F- A
05 A 455 Wl RS Tabei IV BF5E T THP-1
L I 4 X B R 805 %) A= ) I, & B THP-1 g 44
BT TL-8 F TNF-o 3458 JIE B A1 R BRI S JUkL
fil AR, AKRBRERES Y RE 5 8, ] 80k
FURIE e P 85 11 . LDH M1 ACP S H#THE, K
FRUTZHZL B T FE I i | 58 0 20 M= i A B 42, 3R
HH 2N K i 1R 5 B 0% 75 | B2 it 2 2 1) 9 0 J ™,
U, GRBRIRE5 175 % 1 9 M B ] BE 2 ZH 27 1 32
WL Z — TR B S AOKBR IR S DT AT C
3.3 HIE

S I W3R A 4 LB o OB 88 22 S I 2
1) /I 3B o S Tl A il 5 o A 25 1) N S A T
REFR AT RE A AIFGTUE BN 6] /N RS [ 21 i B
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Fig. 3 The schematic diagram of cytotoxicity mechanism of nanoparticles on cells

Note: NP stands for nanoparticles; 1 represents that NP produces reactive oxygen species; 2 represents that NP releases metal ions; 3 represents NP

adhered to the cell surface; 4 represents that NP enters the cells through cell collapse, membrane channel and cell phagocytosis; 5 represents that ROS

and toxic substances produced by NP destroy cell membrane; 6 represents that NP enters cells through damaged cell membrane; 7 represents that NP

generates oxidative stress on cells and destroys organelles; 8 represents cell inclusion leakage; 9 represents that NP eventually leads to toxic effects.
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