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Abstract The effect of acetaminophen, a well known
analgesic and fever-reducing medicine, on the calcium
carbonate crystal growth was investigated under pleth-
ostatic conditions. The calcification rates measured was
reduced by 9.1-63.2% in the presence of acetamino-
phen. Kinetic analysis according to a Langmuir-type
adsorption isotherm lead to the calculation of an
affinity constant K, = 8.33 X 10> dm® mol™. The
apparent order found from kinetic data was two
suggesting a surface diffusion controlled spiral growth
mechanism.

1 Introduction

Calcium carbonate is the most abundant mineral in
nature and is found as different polymorphs, consisting,
in order to increasing solubility of calcite, aragonite,
vaterite, calcium carbonate monohydrate and calcium
carbonate hexahydrate [1]. Under physiological condi-
tions, the results of calcium carbonate deposition in
biological systems can be seen in the formation of
mollusk shells, egg shells, the exoskeleton of arthro-
pods, pearls ad corals [2, 3]. There are however, also
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pathological aspects of biomineralization, including the
formation of the human atherosclerotic aorta (9%
carbonate mineral) [4], kidney stones, pancreatic cal-
cification and gall stones [5]. High levels of bicarbonate
concentrations and high pH values as well as total
calcium concentrations of 2.4-9.7 mM are secreted by
the pancreas and biliary tract [6]. Chemical analysis ad
crystallographic studies showed that calcium carbonate
was the major constituent ranged from 3.7% to 91.6%
and averaged 77.8%) in pigment gallstones as well as in
calcium carbonate gallstones (called limybile) [7-9].
The calcite carbonate polymorph found was calcite at
62.5%.

Acetaminophen {N-(hydroxyphenyl)acetamide};
One of the most common mediations found in house-
holds; is an analgesic and fever-reduced medicine
similar in effect to aspirin. Acts by interfering with
the synthesis of prostaglandins and other substances
necessary for the transmission of pain impulses [10].
Over many years, it has been used countless times by
many people and it has proven to be safe and effective
medication. Acetaminophen exhibit moderate toxicity
[11] with typical oral dose 0.5-2 g daily. Maximum
plasma levels 6 h after administration without inci-
dence of liver failure are reported to be 100 pg/ml [12].
Havy use, however, has been linked to liver and renal
effects [13]. Despite the rather widespread use of
acetaminophen as drug, very little is known concerning
their influence on several pathological cases such as
pancreatic calcification, kidney stones formation, gall-
stones and intravasal depositions.

In the present work, an attempt was made to evaluate
the antimineralization activity of acetaminophen in the
calcium carbonate system by the constant composition
method [14, 15]. The conditions of the experiments
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selected in the present work were such that the super-
saturated solution employed were stable for periods up
to two days, their stability verified by the constant pH
and calcium concentration. The low degree of supersat-
uration is a better representation of the physiological
environment, where the free calcium concentration is
rather low [6]. The supersaturated solution was seeded
with synthetically prepared calcite crystals in the pres-
ence of acetaminophen and the calcium carbonate
crystallization was followed.

2 Experimental procedure

All the experiments were done at 25 + 0.1 °C, in a
thermostated double-walled Pyrex vessel. Calcium
carbonate supersaturated solutions of 0.2 dm® total
volume were prepared from calcium nitrate, sodium
bicarbonate and potassium nitrate stock solutions,
(Merck proAnalysi) as described in detail elsewhere
[16]. Acetaminophen (Merck proAnalysi) was added at
various concentrations as indicated in Table 1. The
arrangement was such that the air volume over the
aqueous phase was kept at a minimum, so that the
partial pressure of the carbon dioxide may be consid-
ered to be constant [15]. The pH in all experiments
here was adjusted at 8.50 by the addition of standard
potassium hydroxide solution (Merck, titrisol). Follow-
ing verification of the stability of the supersaturated
solution 100 mg of calcite synthetically prepared [15]
was added to the solution. The BET specific surface
area of calcite determined by N, adsorption (Perkin
Elmer sorptometer 212D) was found to be 3.2 m* g .

Precipitation reaction in all cases started immediately
after the introduction of the seed crystals in the

crystallization medium. The pH change (0.003 pH units),
concomitant with the formation of calcium carbonate
triggered the addition of titrants, with the stoichiometry
of calcium carbonate from the coupled burettes of an
appropriately modified pH stat (Metrohm, 614). The
concentration of the titrant in the two burettes was
calculated as follows :

titrant 1 : (Cx + 2x) (Ca(NO3),,

titrant 2 : Cx(NayCO3;) + 2x(NaHCOj3) + 2y(KOH),

where x is the molar concentration of calcium nitrate
or sodium bicarbonate in the working solution and y
the amount of potassium hydroxide required for the
pH adjustment in the working solution. For mainte-
nance of the ionic strength constant an amount 2C of
inert electrolyte (potassium nitrate) was added in the
working solution where C is a constant (expressing how
many times the titrants are more concentrated than the
working solution). In our experiments, C was chosen as
10. The choice of the best value for C requires
preliminary experiments.

Random sampling during the course of reaction
verified that the solution supersaturation was kept
constant [15]. Employing a constant solution compo-
sition has the advantage of determining the reaction
rates very accurately, since the initial conditions are
kept constant for a large part of crystallization reac-
tion. The samples withdrawn during the reaction were
filtered through membrane filters (Millipore 0.1 pm);
the filtrates were analyzed for calcium by atomic
absorption spectroscopy (Varian 1200) and the solid
residues by powder X-ray diffraction (Phillips PW

Table 1 crystallization of

it it d tal Ca, Tonic strength AG calcite AC, R
calcite on calcle seed crystals (10’3 mol dm’3) (10’2 mol dm’3) (kJ mol’l) (104 mol dm’3) (10’6 mol min™" m’z)
in the presence of
acetaminophen, AC; pH 8.50; 3 719 308 _ 253
25 °C; Total calcium 275 6.6 2.90 _ 17.4
(Cay) = total carbonate (Cy). 95 6.0 27 _ 13.4

2 4.8 -2.27 - 8.3
3 7.19 -3.08 1.654 23.0
3 7.19 -3.08 3.308 19.1
3 7.19 -3.08 4.962 18.4
3 7.19 -3.08 6.616 16.5
3 7.19 -3.08 8.270 14.4
3 7.19 -3.08 9.924 11.6
3 19 -3.08 11.578 10.2
3 7.19 -3.08 13.232 9.3
2.75 6.6 -2.90 9.924 8.0
2.5 6.0 -2.72 9.924 6.1
2 4.8 -2.27 9.924 3.8
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1830/1840 using Cuko RADIATION Ni filter), scan-
ning electron microscopy (SEM-EDXS, JEOL JSM
5200 and LEO supra 35 VP), FT-IR spectroscopy
(Perkin Elmer 16-PS Ft-IR using KBr pellets) and
thermogravimetric analysis (TGA Du Pont 910). The
rate of calcium carbonate crystallization was taken
from the plots of titrant addition as a function of time,
normalized for the total surface area of the seed
crystals.

3 Results and discussion

The experimental conditions are summarized in
Table 1. The solution speciation was computed from
the appropriate equilibria between calcium and car-
bonate species, mass-balance equations for calcium
and carbonate and the electroneutrality condition by
successive approximations for the ionic strength [17]
For the estimate of the activity coefficients the Davies
equation [18] was used. The solid phases wee found to
be calcite from the examination of the powder X-ray
diffraction spectra (hkl: 102, 104, 110, 113, 202, 108,
116,212, 214, 300) [18] and of the FT-IR spectra (bands
: 1,800, 1,420,876, 714 cm™) [19, 20]. The thermogravi-
metric analysis exclude the formation of hydrated
calcium carbonate salts. Well grown calcite crystals in
the presence of acetaminophen may be seen in the
scanning electron micrographs in Fig. 1 [20, 21]. The
driving force fro crystallization may be expressed in
terms of the change in Gibbs free energy of transfer
from unstable supersaturated to saturated solutions
(e.g., thermodynamic equilibrium):
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Fig. 1 Scanning electron micrograph of calcite calcification on
calcite seed crystals in the presence of 9.924 x 10~ mol dm
acetaminophen (Table 1)

R, T R, T
R IR Rl g (1)

A Gcalcite = v Ko 2

In Eq. (1) IP is the ionic product of the precipitating
salt, K?the thermodynamic solubility product at 25 °C
( K = 3.311 x 107) [22], v the number of ions in the
formula unit of the precipitating calcium carbonate
(e.g. 2), R, the gas constant, T the absolute tempera-
ture and Q the supersaturation ratio.

From experiments performed with different
amounts of seed crystals in he range between 50
and 150 mg it was revealed that the crystal growth
rate of calcite on calcite seed crystals was propor-
tional to the amount of seed crystals initially added.
This indicates that the crystallization process occurs
exclusively on the surface of the seed crystals without
phenomena of spontaneous or secondary precipita-
tion. Changes in the stirring rate between 100 and
600 rpm had no effect on the crystal growth kinetics,
suggesting that the rate-determining step of the
process is not diffusion from the bulk solution to
the crystal surface [23]. The mean size of the calcite
crystal particles into the working solution was aobut
10 um as measured with a particle size analyzer
(Laser Particle Counter ILI-1000) and therefore the
criterion used before for the eludication of the rate
determining step is valid [23, 24].

Crystal growth rates were found to be proportional
to the relative solution supersaturation, g, with respect
to calcite, defined as [24, 25]

P2 _ (Ko 1/2
o= )(KO)I/z(—S) =07 -1 2)
R = kso" (3)

Where R is the crystal growth rate, k, the rate constant,
s, a function of the number of the active growth sites on
the crystal surface, and »n the apparent order of the
crystallization reaction. Logarithmic plots according to
Eq. (3), yielded straight lines in the presence and in the
absence of acetaminophen (Fig. 2 )From the slope of
the linear plots a value of n =2 was obtained,
suggested a surface diffusion controlled spiral growth
mechanism [25]. In the presence of acetaminophen no
changes observed in the calcite overgrown morphol-
ogy, as verified from scanning electron microscopy
studies (Fig. 1).

As may be seen from Table 1 and Fig. 2 when
acetaminophen is present in the supersaturated solu-
tion the rate of calcite crystal growth decreased
significantly. The presence of a foreign compound in
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Fig. 2 Dependence of the rates of calcite crystallization on the
relative supersaturation in the presence (e) and in the absence
(m) of 9.924 x 10 mol dm™ of acetaminophen

the supersaturated solution in which a crystal growth
process is taking place, very often results in the
interaction of the solute species have functional groups
such as carboxyl and/or amino groups with the seed
crystals. They may adsorb reversibly on the crystal
surface, which contains centers of positively and
negatively charged ions and therefore the solute
species may be accommodated on the surface. It has
been suggested that the adsorption of inhibitor mole-
cules at active growth sites on the crystal surfaces
accounts for the reduction of the crystal growth rate.
Thus, the growth centers are blocked and the adsorbed
molecules prevent the crystal lattice species from
incorporation in the crystal.

Assuming that the basic principles of the Langmuir
adsorption model are valid (i.e. the adsorption energy
is the same for the all adsorption sites, absence of
interaction between the adsorbed molecules and
monolayer coverage of the surface), then at equilib-
rium the rates of adsorption and desorption of the
solute on the surface are equal,

kads~(1 - H)Ceq~ = kges.0, (4)

where k,qs. and kges. are the specific rate constants for
adsorption and desorption, respectively, 0, the fraction
of the crystal surface active growth sites occupied by
the adsorbed molecules, and c.q The equilibrium
solution concentration of the additive. The kinetic
results may be interpreted by the Langmuir formalism
and therefore the growth rates depend on the surface
coverage 0 [26],

Ri = Ro(1—-10), (5)
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Fig. 3 Kinetics of calcite crystal growth in the presence of
various concentrations of acetaminophen according to the
kinetic model based on a Langmuir-type adsorption (AG =
-3.08 kJ mol™)

Where R; and R, are the crystal growth rates in the
presence and in the absence of the additive. Combina-
tion of Egs. (4) and (5) gives

R, n 1 1

— (6)
kaff. Ceq.

In Eq. (6), K, Is the affinity constant (equal to
kadas/kaes.) and it is a measure of the affinity of the
adsorbate for the adsorbent. As may be seen in Fig. 3 a
straight line was obtained for acetaminophen, suggest-
ing the validity of the assumed model. The affinity
constant, as determined from the slope of the linear
plot of R,/(R,—R;) against 1/c.qaccording to Eq. (6) is
8.33 x 10> dm® mol ™. Similar results were obtained for
metallocene dichlorides [27].

In conclusion, acetaminophen may be a useful drug
not only as analgesic but in many other cases of
pathological calcification (pancreative calcification, kid-
ney stones formation, gallstones and intravasal deposi-
tions) It is effective at concentrations 165.4 ymol dm™
(Table 1) significantly lower than the uper safety plasma
level of 600 pumol dm™ [12] and decrease the calcifica-
tion rate ““in vitro” by 9.1-63.2% (Table 1).

References

1. C. S. SIKES and A. P. WHEEL ER, Chemtech (1988) 20

2. K. SIMKISS, Am. Zool. 24 (1984) 847

3. G. KPAMPITZ and G. GRASER, Angew. Chem. Int. Ed.
Engl. 27 (1988) 1145

4. B. B. TOMAZIC, W. E. BROWN and F. J. SCHOEN,
J. Biowed. Mater. Res. 28 (1994) 35

5. H. Sarles, Gastroenterology 66 (1974) 604



J Mater Sci: Mater Med (2007) 18:871-875

875

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

D. GLEESON, K. A. HOOD, G. M. MURPHY and R. H.
DOWLING, Gastrenterology 102(5) (1992) 1707

D. 1. HAY, S. K. SCHLUCKEBIER and E. C. MORENO,
Calcif. Tissue Int. 39 (1986) 151

S. D. STRICHARTZ, M. Z. ABEDIN, M. S.ABDOU and
J. J. ROSLYN, Am. J. Surgery 155 (1988) 131

M. C. FRINCU, R. E. SHARPE and J. A. SWIFT, Crystal
Growth Des. 4 (2004) 223

D. C. DAHLIN and S. D. NELSON, J. Med. Chem. 25
(1982) 885

J. A. HINSON, Rev. Biochem. Toxicol. 2 (1980) 103

D. AMMER and D. J. GREEN-BLATT, Ann. Intern. Med.
87 (1977) 202

J. E. FAINBROTHER, Anal. Profiles Drug Subs. 3 (1974)
109

M. B. TOMSON and G. H. NANCOLLAS, Science 200
(1977 1059

T. F. KAZMIERCZAK, M. B. TOMSON and G. H.
NANCOLLAS, J. Phys. Chem. 86 (1982) 103

E. GIANNIMARAS and P. G. KOUTSOUKOS, J. Colloid
Int. Sci. 116 (1987) 423

17.

18.
. F. MANOLI, S. KOUTSOPOULOS and E. DALAS, J.

20.
21.
22.
23.
24.

. G. H. NANCOLLAS, Biomineralization, edited by S. Mann,

26.
27.

G.H. NANCOLLAS, Interactions in Electrolyte Solutions
(Elsevier: Amsterdam 1966)
ASTM Card file No. 5-0586

Crystal Growth 182 (1997) 116

E. DALAS and P. G. KOUTSOUKOS, Lngmuir 4 (1998)
907

F. MANOLI and E. DALAS, J. Crystal Growth 204 (1999)
369

N. L. PLUMMER T. M. L. WIGLEY and D. C. PARK-
HURST, Am. J. Sci. 278 (1978) 179

A. E. NIELSEN and J. M. TOFT, J. Crystal Growth 67
(1964) 278

A. E. NIELSEN, Pure Appl. Chem. 53 (1981) 2025

J. Webb, R. J. P. Williams (VCH Weinheim, F. R. Germany,
1989) pp. 156-187

D. N. MISRA, Langmuir, 4 (1988) 953

P. MALKAJ and E. DALAS, J. Crystal Growth 242 (2002)
405

@ Springer



	The effect of acetaminophen on the crystal growth of calcium carbonate
	Abstract
	Introduction
	Experimental procedure 
	Results and discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


