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Characteristics of Aragonite From Underwater and The
Cytotoxicity, Cell Division Disturbance and Induction of
Morphological Transformation on BALB/313 Cells

Yun Chul Hong and Hun Jae Lee
Inha University Medical College, Environmental and Occupational Medicine

ABSTRACT : Aragonite is one of polymorphs of calcium carbonate of which main form is calcite. We found
that white precipitate is formed in much amount by boiling underwater of Inchon, Korea and confirmed
that it is aragonite. This study is to evaluate the dimensional characteristics, solubility, acid resistance of ara-
gonite and the cytotoxicity, cell division disturbance and cell transforming ability of it on BALB/3T3 cells.
The results are as follows: Lengths of the aragonite were reduced to the 72.7% and 22.7% respectively after
5 months and 7 months of intrapleural injection to the Sprague-Dawley rat. Strong acid such as 1M HCI dis-
solved the aragonite instantly but weaker acid pH 2.0 or more could not dissolved aragonite easily. The
result of cell growth inhibition showed that cell numbers were decreased as log-doses of treatment of the ara-
gonite were increased 24 hours, 48 hours, and 72 hours later. Cell plating efficiency after the aragonite treat-
ment also showed dose-dependent decrease. Multinuclear giant cell formation was increased in the aragonite
treated cells until ID,, and after the dose the multinucleate cells were decreased, but remained much higher
than negative control cells. Morphological transformation assay showed that the aragonite did not induce
transformation in all treated doses.

Key Words: aragonite, dimensional characteristics, solubility, cytotoxicity, cell division disturbance, mor-
phological transformation
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Fig. 1. An scanning electron micrograph of aragonite. It
shows that the fiber shaped mineral has dimension of 40 um
in length and 2.5 im in diameter which has sharp ends like a
needle. X 500.
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Fig. 2. An energy dispersive X-ray analysis of aragonite
(gold coating). It shows that aragonite is composed of cal-
cium dominantly.

Fig. 3. Inverted photomicrographs of aragonite(arrows) in in-
trapleural washing solution. Lengths of the aragonite were
reduced to 72.7% and 22.7% respectively after 5 months(A)
and 7 months(B) of intrapleural injection to the male Sprague-
Dawley rats. X 400.
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Table 1. Number® of Viable Cells After 1 Day, 2 Days, and
3 Days of Exposure of Aragonite, Milled Aragonite, and

Srm 000

15kU XS5.080

Fig. 4. An scanning elctron micrograph of a BALB/3T3 cell
which is engulfing the aragonite. X 5,000.

o3t & 57093} T ol washingste] sk A} 710]7]-
Zy7} 72.7%8F 27%R L2 ZolER o AGAle] e«

2 FA8F1 YA THEFig. 3) 974 A FH o= Aragonited] Al
$4 B A FohE 4 T E FAHS Bk
$lstod HCl 4ol AragoniteE Fo5tx w2t A3 pH 17}
Al ofg A SalE Ao pH 2013l A= HA £3] 54

=
ot A2 selsgr,

MZEH

Hjj ok

&
R=R

¥ BALB/3T3 M| ¥9| AragoniteE 53 & 943

174 0.2 ket A} thEE 9 Aragoniter} A EF 9o o)

© Aol #FHAon YRE SAHE F4E Ul

ol &sty] flste] thA] FARAE N A o2 A A}

BALB/3T3 A ¥7} AragoniteE &35} 1 ‘}lE}E Zlo] Eely

AtHFig. 4). =3 FANZF O 2 ALRE Chrysotile®] 7S
5 BALB/3T3 A|29] g2 2r80] F:3lo] #aE I},

CI

MEZ} 45X 107)/mlE Sl ﬂaskoﬂ AragoniteZ £33
AZIF 1Y, 29, 34 5o HEE #2347 19Tl Ana-
gonite®} Chrysotileo| Al ZZ2ke] th=Zkoll vldlste] AEF
TA7F AL Fkel Ae] dAEH e oo Hlste] Fa%H
PR A = AEF a7t @A) JA Jepg) 2d$el =
Aragonite®] M| ZEZFA2A| 7} Chrysctiledl] H)3te] TS = A
Wbt 30 %o Chrysotile®] M| EZA1014]7} tha 2 3

Chrysotile number of exposed cells : 4.5 x 10*/ml
Dose(ug/ml)

0 2 10 50 250

aragonite 67 57 40 34 11

Day 1 milled aragonite 6.7 7.8 6.7 4.6 42
chrysotile 67 59 41 23 10
aragonite 92 75 56 34 20

Day 2 milled aragonite 9.2 94 9.1 57 38
chrysotile 92 88 73 40 15
aragonite 11.3 106 106 52 28

Day 3 milled aragonite 11.3 11.8 128 103 7.1
chrysotile 11.3 100 90 58 1.8

(1): mean number of viable cells in 4 flasks(x 10%/ml)
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Fig. 5. Relative plating efficiency of aragonite, milled ara-
gonite and chrysotile.

Fig, 6. An inverted photomicrograph of a multinuclear giant
cell which has four nuclei. There is an aragonite in the center
of the cell. X 400.
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Table 2. Multinuclear Cell'” Formation by Aragonite, Milled
Aragonite, and Chrysotile

No. of nuclei/cell

3 4 5 6 total
Control 1.0 1.0
Aragonite
1ID,® 4.0 1.0 - — 5.0
1D, 125 2.5 - - 15.0
1D, 19.0 25 1.0 22.5
IDgs 16.5 4.0 1.5 - 22.0
1D, 5.0 1.5 1.0 05 8.0
Milled Aragonite
ID,, 5.5 1.0 - - 6.5
IDs:s 10.0 0.5 - - 10.5
D, 18.0 2.0 - 20.0
Dy, 13.0 2.0 0.5 05 160
D5 5.5 - - 55
Chrysotile
1D, 6.0 1.5 - - 7.5
1D, 0.8 - - - 8.0
IDs, 6.0 - 05 - 6.5
IDe.s 4.5 0.5 - 5.0
1D 6.5 0.5 - - 7.0

(1): Multinuclear cell is defined as a giant cell which

have more than 2 nuclei 4 weeks later.
(2): Cell growth inhibitory dose

Table 3. Induction of Morphological Transformation by Ara-
gonite, Milled Aragonite, and Chrysotile
number of transformed foci®/flask®

Dose
control ID, IDys IDy, IDes 1Dy
aragonite 00 00 00 00 00 00
milled aragonite 0.0 00 00 00 00 00
chrysotile 00 00 08 08 13 40

(1): Transformed foci are dark-stained multilayered cells that
are randomly oriented and exhibited crisscross arrays

(2): 16 fields in a 25 T flask were read in the 100X
magnification
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Fig. 7. An inverted photomicrograph of a transformed focus
by chrysotile where cells are multilayered and randomly
oriented and exhibit crisscross arrays. X 400.
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Oshimura et al., 1984; Davis, 1986; Brown et al., 1986).
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