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Abstract

Formation of crystals in the enamel space releases protons that need to be buffered to sustain
mineral accretion. We hypothesized that apical Cystic Fibrosis Transmembrane Conductance
Regulator (CFTR) in maturation ameloblasts transduces chloride into forming enamel as critical
step to secrete bicarbonates. We tested this by determining the calcium, chloride and fluoride
levels of developing enamel of Cftr-null mice by quantitative electron probe microanalysis.
Maturation stage Cftr—null enamel contained less chloride and calcium than wild-type enamel, was
more acidic when stained with pH dyes ex vivo and formed no fluorescent modulation bands after
in vivo injection of the mice with calcein. To further acidify the enamel we exposed Cftr-null mice
to fluoride in drinking water to stimulate proton release during formation of hypermineralized
lines. In enamel of Cftr-deficient mice fluoride further lowered enamel calcium without further
reducing chloride levels. The data support the view that apical Cftr in maturation ameloblasts
transduces chloride into developing enamel as part of the machinery to buffer protons released
during mineral accretion.
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During maturation stage of amelogenesis formation of apatite crystals in the enamel space
generates protons that need to be neutralized to sustain further crystal growth (1-3). It has
been proposed that maturation stage ameloblasts buffer these protons by secreting
bicarbonates into the forming enamel (1, 4). Support for this concept is the identification of
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several pH regulating proteins in plasma membranes of maturation ameloblasts, including
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR), anion exchanger-2 (AE2),
sodium bicarbonate cotransporter-1 (NBCel), sodium hydrogen exchanger 1 (NHE1) (5-18),
in plasma membranes and carbonic anhydrases 2 and 6 in the cytosol.

A key factor in pH regulation by many ion-transporting epithelia is CFTR, a chloride
channel that in ductular epithelium of the pancreas and colon epithelium transports chloride
into the luminal space to enable secretion of bicarbonate by anion exchangers (19-24). In
mouse maturation ameloblasts CFTR was localized in the apical (luminal) plasma
membrane (13) and without functional Cftr enamel mineralization in human, mouse, pig and
rat was incomplete (7, 13, 25 -27).

The function of CFTR in maturation ameloblasts is not clear. Null mutation of Cftr reduces
mineralization of maturation-stage enamel suggesting that functional Cftr is critical for
mineral accretion (5-8). It has been proposed that CFTR in ameloblasts transduces
intracellular chloride into the forming enamel (equivalent to the luminal space of epithelial
ducts) either to enable secretion of protons into the enamel (16), or secretion of bicarbonates
by apical AE2 (3, 28), or other bicarbonate chloride exchangers (14, 15). There is very little
evidence that CFTR in ameloblasts transduces chloride. Only two studies determined
chloride and mineral content in Cftr-deficient mouse enamel but the outcome was not
consistent (6, 8). In the first study both chloride and calcium were indeed lower when whole
incisors were analysed but analysis of microdissected fragments of enamel free from dentin
showed no differences in chloride (8). In the second study maturation stage enamel of
Cftr~/~ mice was less mineralized but contained normal levels of chloride, while secretory
enamel contained normal levels of calcium but less chloride (6). However, in wild-type mice
calcium levels of secretory-stage enamel were as high as in maturation enamel (62% vs 61
% weight percentage, respectively) suggesting that secretory stage samples were in fact
maturation stage (6). Both studies were performed with both upper and lower incisors,
before analysis teeth were rinsed and/or sonicated in distilled water and one study included
posteruptive enamel (8) that could have taken up mineral ions and chloride from oral fluids.

We re-addressed the hypothesis that CFTR acts as chloride channel by measuring mineral
density and changes in mineral- and chloride content in enamel of Cftr-null mice. We
analysed defined pre-eruptive stages of enamel in lower incisors using microcomputed
tomography (MicroCT) and quantified x-ray electron microscopy (11). To minimize loss of
trace elements hemi-mandibles were excised as quickly as possible after sacrifice, snap-
frozen in liquid nitrogen, freeze-dried and processed anhydrously. We also exposed Cftr-
deficient mice to fluoride to see if ameloblasts responded to hypermineralization by
enhancing bicarbonate/chloride exchange (11).

Modulation or pH cycling involves cyclic change of groups of ruffle-ended ameloblasts into
groups of smooth-ended ameloblasts coinciding with changes in pH of the enamel below
these cells, a process critical for full mineralization of enamel (29). We also determined
ameloblast modulation in fluorotic and non-fluorotic Cftr-null enamel by examining the
formation of fluorescent-labelled bands in maturation-stage enamel after injection of calcein
in mice in vivo and by ex vivo staining cell-free enamel with pH indicator dyes. Modulation
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in both Cftr -null and fluorotic enamel has been reported to be inhibited (7) or changed
(30,31)

Materials and methods

Animals and tissue preparation

Cftr-null and wild-type litter mates (FVB/N strain, 26 wk old) were bred and genotyped as
reported (19). The animals were distributed in two groups of three Cftr-null mice and two
groups of three wild-type mice. All four groups of mice received drinking water with
Kleanprep, a laxative to prevent obstruction of intestine in the mutant mice. One Cftr-null
group and one wild-type group were exposed to 100 parts per million (ppm) fluoride (given
as NaF) in drinking water ad libitum for 6 wk. To examine modulation during maturation
stage in a separate study 8 mice (all four groups, n=2 per group) received a single
intraperitoneal injection of 20 mg/kg calcein (dissolved in physiological salt solution, 4 pl
fluid/gr body weight), 30 min before sacrifice. Mice were euthanized, decapitated, trunk
blood collected and frozen for fluoride measurement later. Hemi-mandibles were frozen in
liquid nitrogen, freeze-dried and embedded anhydrously in methyl methacrylate (MMA)
(10, 11). All procedures with mice complied with (inter)national rules and were approved by
the Committee for Animal Health and Animal Care of the Vrije Universiteit and the
Erasmus University in Rotterdam (The Netherlands).

Microcomputed tomography, electron probe microanalysis and serum fluoride

The MMA-embedded jaws were scanned at a resolution of 8 pm voxels using a pCT-40 high
resolution scanner (Scanco Medical, Bassersdorf, Switzerland). Cross-sectioned areas were
made with a rotory saw at selected areas (mid-secretion, early maturation at a reference line
between M1 an M2 and late maturation near alveolar crest (1), and subsequently analysed by
quantitative x-ray electron microanalysis using a Jeol Superprobe JXA-8800 (10). Serum
samples from 2-3 mice were pooled to obtain sufficient volume to measure plasma fluoride
which was determined by the method of TAVES (32) using a fluoride ion-selective
electrode (Radiometer Analytical, type E41M017)

Staining incisor enamel with pH indicator and calcein

Bone caps around lower incisors of freeze-dried mandibles and enamel organs were
removed by microdissection to expose the labial surface of the incisors. Calcein labelling
was examined under blue light from a hand-held dental light-cure device (Kulzer, Translux
CL, Kulzer Co Wehrheim, Germany) with an Fuji C48 orange filter and images taken using
a Zeiss KL2500 LCD microscope. To visualize pH incisors were submersed for 1 minin a
pH indicator solution of methyl-red or phenol-red (1 mg/mL), dissolved 1 uM NaOH
solution (11).

Calculations and statistics

No significant differences between fluorotic wild-type and fluorotic heterozygous Cftr*/~
mice were found, neither in serum fluoride levels, enamel structure, or enamel composition.
Hence, data from fluorotic wild-type and fluorotic heterozygous Cftr*/~ mice were pooled
and referred to as fluorotic “’wild-type’’. Values are presented as mean and standard
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deviations and data were tested for statistical differences by Student t-tests, one-way of
ANOVA (between groups of the same stage), two-factor ANOVA with replication (to test
interaction between fluoride and Cftr-null mutation; Excel 2010) and correlation analysis by
linear regression (Graphpad Instat 3 software; p<0.05).

Changes in mineral density determined by backscattered imaging and microCT

Null mutation of Cftr (Fig. 1a, row 3) severely reduced the mineral density of maturation-
stage incisor enamel in comparison to wild-type enamel (Fig. 1a, row 1). Exposure to
fluoride also reduced enamel mineral density (Fig. 1a, row 2) with no difference in contents
between Cftr*/~ heterozygous and Cftr~~ homozygous mice (not shown). In fluorotic wild-
type mice the enamel contained weak hypermineralized and hypomineralized lines, a
hypermineralized surface and a slightly hypomineralized subsurface (Fig. 1a, rows 2 and 5).
These lines were also noted in fluorotic Cftr-null enamel, but less conspicuous (Fig.1a ;
rows 4 and 6).

The enamel mineral density measured by microCT was progressively less in the
experimental groups in comparison to the wild-type group (Fig. 1b, c), in decreasing order
from fluorotic wild-type enamel (65% of control value), non-fluorotic Cftr-null enamel
(53%) and fluorotic Cftr-null enamel (43%, Fig. 1b,c). The changes in density became
apparent at early maturation stage. In contrast to incisor enamel mineral density of molar
enamel in Cftr—null mice was hardly reduced (3-5%, Fig. 1c).

Changes in enamel composition by EPMA

Disruption of Cftr and exposure to fluoride both significantly decreased calcium,
phosphorus and chlorine content in maturation-stage but not secretion-stage incisor enamel
determined by quantitative electron probe microanalysis (Table 1). Exposure of wild-type
mice to fluoride decreased chloride levels in late maturation enamel to 78% and calcium to
83% of non-fluorotic wild-type controls (Fig. 2a). Non-fluorotic, maturation-stage enamel
from Cftr-null mice contained far less chloride (42%) than enamel from wild-type mice. In
fluorotic enamel from Cftr-null mice calcium content was significantly lower (68%) in
comparison with enamel from sound wild-type mice than non-fluorotic enamel from Cftr-
null mice (81%; p< 0.05) without reduction of chloride (39%, not significant from the 42%
in non-fluorotic Cftr-null enamel, Table 1, Fig 2a). This contrasted the effect of fluoride on
enamel formation in Ae2a,b-null mice (11) that contained slightly more calcium, much more
fluoride, and significantly less chloride (from 24% to 12%, p< 0.05; Fig 2a).

Sulphur content (a measure for enamel matrix protein) was higher in Cftr-null enamel (Table
1). In all groups sulphur was strongly negatively correlated with calcium (not shown)
suggesting that in all groups matrix was degraded with progressive mineralization.

Fluoride in sera and developing enamel

By pooling the number of serum samples became too low to draw a conclusion, but the
measured values suggested no major changes in plasma fluoride levels between wild-type
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(1.3 and 1.2 umoles/L, n=2) and Cftr-null mice (1.4 and 1.8 umoles, n=2) or between
fluorotic wild-type (5.3% 0.6 pmoles/L; n=6) and fluorotic Cftr- null mice (4.6 and 6.8
umoles/L; n=2). Fluoride levels in enamel showed also no difference between non-fluorotic
wild-type and Cftr null mice furthermore suggesting that Cftr null-mutation had no major
influence on plasma fluoride levels (Table 1).

Interaction between fluoride exposure and disruption of Cftr was tested by two-factor
ANOVA. Fluoride content only increased by exposure to fluoride (p<0.004) but not by Cftr—
null mutation. Both treatments interacted strongly on reducing calcium in early maturation
(p<0.005) but not in early and late maturation combined (p=0.058). There was no interaction
between both treatments on decrease of chloride at late maturation (p=0.08) but interaction
was significant (p=0.004) for early and late maturation combined. No interaction between
treatments was found between chloride and fluoride content.

Calcein labelling and pH staining in enamel

Calcein injected into non-fluorotic wild-type mice shortly before sacrifice formed three (sets
of two) narrow fluorescent bands in maturation stage enamel, the most incisal one very faint
(Fig. 2b). Only one band was found in fluorotic wild-type enamel shifted more incisally
(Fig. 2b) whereas no bands were noticed in the Cftr-null and fluorotic Cftr-null enamel (Fig.
2b).

Methyl-red pH indicator solution stained the entire maturation-stage enamel in Cftr-null
mice pink/red (acidic) but produced in wild-type enamel 2-3 discrete red/pink bands
separated by narrow yellow/white (pH neutral) stripes (Fig. 2c). Phenol-red produced in
maturation stage enamel two narrow pink (neutral) stripes against yellow/white (acid)
maturation enamel in wild-type enamel, not in Cftr-null enamel (Fig. 2d).

Discussion

Our data show that without functional CFTR the chloride levels in unerupted enamel at
maturation stage are consistently lower, in line with the hypothesis that also in maturation
ameloblasts CFTR acts as a chloride channel. Disruption of Cftr and exposure to fluoride
decreased chloride levels in maturation-stage enamel and severely reduced enamel
mineralization. Staining with pH indicators indicated that maturation-stage enamel of Cftr-
null mice was more acidic and contained no pH-neutral bands as reported before (7). After
injection of mice with calcein no fluorescent bands were formed in Cftr-null enamel at
maturation-stage. Collectively, these changes demonstrate the significance of functional
CFTR for maturation stage ameloblasts, suggesting that CFTR is critical for pH regulation
and ameloblasts modulation.

Fluoride-ions added to solutions of apatite crystals that contain calcium- and phosphate ions
stimulate mineral growth in vitro which is sustained if the pH is controlled (33). Similarly,
in enamel of mice exposed to fluoride hypermineralized lines are formed in situ, a process
that consequently accelerates proton release near the ameloblast membrane (11). Fluorotic
enamel contains less chloride which was attributed to elevated activity of apical chloride/
bicarbonate exchanger(s). In pancreatic epithelial ducts, duodenal epithelium and CFTR-
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expressing Xenopus oocytes several members of the SLC26A family operate in close
conjunction with CFTR (20-24, 34). In developing enamel the formation of each unit
hydroxyapatite (which contains 10 Ca2*) releases 8 protons and requires equimolar amounts
of bicarbonate to neutralize. Since chloride levels in enamel were 2—3 magnitudes lower
than calcium these data suggests that large numbers of chloride are absorbed from enamel
back into the ameloblasts, possibly by apical bicarbonate/chloride exchangers of the
SLC26A family (34).

It is of note that fluoride had opposite effects on enamel mineralization in Cftr-null mice
than in Ae2a,b-null mice. Fluorotic Ae2a,b-null enamel contained multiple prominent
fluoride-rich hypermineralization lines, fluoride levels were extremely high and calcium
content was slightly higher in comparison with non-fluorotic Ae2a,b null enamel (11). In
fluorotic Cftr~/~ enamel calcium content was lowest of all groups, chloride levels were the
same as in nonfluorotic Cftr-null enamel, hypermineralization lines were inconspicuous and
fluoride content was virtually the same as in fluorotic wild-type enamel. Exposure to
fluoride potentiated the negative effect of Cftr—null mutation on enamel mineralization.
Consequently, these data suggest that fluorotic Cftr-null enamel is more acidic than fluorotic
Ae2a,b null enamel and too acidic to sustain mineral accretion, even in the presence of
fluoride.

How CFTR is involved in pH regulation by ameloblasts is not yet clear. Based on published
reports on ion-transport in other epithelial tissues CFTR in ameloblasts may regulate pH in
enamel in three ways. (i) By electroneutrally transducing chloride into the enamel space.
This enables secretion of bicarbonate in exchange for chloride by putative apical anion
exchangers (Fig. 3a), possibly SLC26A family members as in pancreatic ductus epithelium
(34, 35). Ameloblasts express at least one member of this family (SLC26A4, pendrin, PDS;
14, 15). Pendrin-null mice however had no dental phenotype and hence was not critical for
ameloblast function. (ii) By electroneutrally cotransporting (up to 20%) bicarbonate with
chloride into the luminal space by a dynamical shift to conduct HCO3™ (22, 35; Fig. 3a).
This happens when luminal (enamel space) chloride levels become low and depends on the
presence and activity of apical chloride/bicarbonate exchangers. (iii). By acting as an
electrogenic conducer of bicarbonates only, independent from apical bicarbonate/chloride
exchanger (Fig. 3b, 34-38). This change is triggered by low intracellular chloride levels,
which activate chloride- responsive intracellular stress-related kinases (e.g. with-no-lysine
kinase or WNK; oxidative stress-responsive kinase 1 or OSR1 and Sterile 20-like kinase-
related proline/alanine rich kinase, SPAK) which turn CFTR into a HCO3™ transporter with
much higher capacity (up to 100%) than the classical way (37). Options 1 and 2 may apply
to Cftr- null mutants in which chloride is normally imported via basolateral Ae2 but its
secretion by Cftr is impaired. The Cftr-null mouse model we used in this study does not
allow secretion of any chloride or bicarbonate. The third option potentially applies to Ae2-
null mutants in which intracellular levels may be reduced by inhibition of chloride import by
basolateral Ae2. Further studies with ameloblast cultures in which actual transport of
chloride and bicarbonate are measured are required to give conclusive answers and how
ameloblasts regulate pH.
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Previous reports showed inconsistent reduction of chloride levels in enamel of Cftr-null
mice (6,8). In the present study chloride and calcium levels were consistently lower in
maturation stage Cftr-null enamel than in wild-type enamel. The likely explanation for the
different outcome in our study include (i) minimizing the chance of ion-loss by rapid
freezing and freeze-drying, (ii) anhydrously processing of the tissues, (iii) analysis of
mandibular incisors only, (iv) selection of well-defined sample areas and (v) exclusion of
posteruptive enamel to avoid uptake of ions from oral fluid or loss of ions by extensive
washing that could change the composition of surface enamel, especially when enamel is
poorly mineralized or porous as in Cftr-null mice. lons from oral fluids could become
trapped in mineral by posteruptive recrystallization of apatite,a process stimulated by
fluoride from food or drinking water. The enamel fragments of Cftr-null enamel that had
normal levels of chloride also contained significantly more fluoride (8). In the present study
we found no such increase of fluoride in non-fluorosed preeruptive Cftr null enamel which
argues against the idea that elevated fluoride in erupted Cftr- null enamel was incorporated
during enamel development (8). The fact that levels of chloride and Ca2* in oral fluids are
elevated in cystic fibrosis patients (39, 40) and Cftr- null mice (41) could enhance
posteruptive recrystallization and increase calcium and chloride content.

Molar tooth germs express CFTR (13) but surprisingly enamel of molar teeth of Cftr-null
mice was hardly affected, mineral density was almost normal and enamel contained normal
levels of chloride as reported (6, 8). One possible explanation why molar enamel is
unaffected is that mouse molar teeth develop very early when the Cftr- deficiency or stress
that comes with the null mutation in incisors is not yet severe enough to affect molar
development. In children suffering from cystic fibrosis the primary teeth (comparable with
molar teeth in rodents) are far less affected than the permanent teeth (25, 42). Alternatively,
molar teeth in rodents develop differently than incisors in several other aspects (i.e. mouse
molars do not continuously erupt or accumulate orange pigment at their surface).

In conclusion: The results are consistent with the concept that in maturation ameloblasts of
mouse incisors CFTR is involved in buffering of enamel to sustain mineral accretion.
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Fig. 1.
Fig 1a. Backscattered-electron detector (BSC) microscopy. Effect of Cftr-null mutation on

enamel mineralization in lower incisors from fluorotic and nonfluorotic Cftr-null mice.
Backscatter electron microscopy (Fig. 1a), and MicroCT (Fig. 1b, ¢). Fig. 1a. Row 1:
nonfluorotic wild-type mouse; row 2: fluorotic wild-type mouse; row 3: non-fluorotic Cftr-
null mouse and row 4: fluorotic Cftr-null mouse. The left column (from rows 1-4) represents
secretion stages, the central column mid-maturation and the right column late maturation
stages. Row 5 (fluorotic wild-type mouse) and row 6 (fluorotic Cftr-null mouse) show weak
incremental lines (arrows).

Fig. 1b. Microcomputed tomography. Effect of fluoride on mineral density of incisor enamel
from Cftr-null and wild-type mice as function of development (300 um intervals). Slices 1-3
are secretory stage, from slice 4 onwards: maturation stage. Filled circles represent WT
(black; solid line) and Cftr-null enamel (red, interrupted line). Filled squares (black, solid
line): fluorotic WT and fluorotic Cftr-null enamel (red, interrupted line) (n=3). All density
values of non-fluorotic Cftr-null and fluorotic wild-type enamel after slice 7 are significantly
lower than nonfluorotic wild- type enamel.

Fig. 1c. Microcomputed tomography. Mineral density of incisor and first molar enamel from
Cftr-null mice. Molar enamel is barely affected in contrast to the incisor enamel from the
same animals. Fluoride exposure started when enamel formation in first molars was
completed. Averages and standard deviation (slices 10-16; 3 mice/ group).* p < 0.05.
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Fig 2.

Digsruption of Cftr and exposure to fluoride reduces calcium and chloride content in
maturation enamel (Fig. 2a), changes ameloblast modulation (Fig. 2b) and acidifies forming
enamel (Fig 2c,d).

Fig 2a. Quantitative microprobe (means and SD, n=3-7). Left Y-axis: calcium (bars, *
statistically significant differences) and chloride (red lines), right Y-axis: fluoride (blue
lines). For the sake of clarity the standard deviations for chloride and fluoride graphs were
not drawn (see table 1 and reference 11); chloride values marked by the same character are
significantly different. The Ae2a,b-null data from reference 11.

Fig. 2b. Calcein labeling in non-fluorotic and fluorotic mandibular incisor enamel of wild-
type (WT) and Cftr-null mice. S secretory stage. White arrow heads indicate center of
smooth-ended (SE) zone between two wide bands of ruffle-ended (RE) cells. Each SE-zone
is marked by an apical and incisal fluorescent label indicating the sites where the ameloblast
layer is briefly leaky for calcein during change of position of tight junctions. In WT enamel
the most incisal third band is extremely weak. Fig. 2¢c Mandibular incisor enamel of wild-
type and Cftr-null mutant stained with methyl red (MR). Fig 2d: Wild-type (WT) and Cftr-
null maxillary incisor stained with phenol-red (PR) revealing two neutral (light pink) SE
bands.
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Fig 3.

Si?nplified work models for buffering of enamel fluid by CFTR in maturation ameloblasts.
Fig 3a. Electroneutral secretion by CFTR and putative anion exchangers. CFTR transfers
chloride to drive bicarbonate secretion by apical anion exchangers (potentially the SLC26A
family, reference 36). Basolateral AE2 imports chloride that is conduced into enamel by
CFTR. A minor part of chloride adsorbs to crystals in the enamel compartment, a major part
is exchanged back into the cell for secretion of HCO3". Putative apical anion exchangers
depend on functional CFTR and both stimulate each others activity (“+”). CFTR itself can
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also transduce small amounts of bicarbonate (about 20%; stippled arrow; ref 22). NBCEL1 in
papillary layer may import bicarbonate and transfer it through gap junctions into
ameloblasts.

Fig 3b. At low intracellular CI- the CFTR channel switches from an electroneutral
predominantly Cl conductive to an electrogenic HCO3™ conductive channel activated by
WNK, SPAK and OSR1 kinases.

These kinases simultaneously inhibit apical anion exchangers to prevent reabsorption of
bicarbonate from the enamel space (reference 37,38). Black squares: tight junctions, gray
tubes; gap junctions; Anion exchanger-2; Car carbonic anhydrase 2; NBCE1: Na
Bicarbonate Cotransporter-1; NHE1 NaHydrogen Exchanger-1; S26: putative members of
SLC26A family; SP Sterile 20-like kinase-related proline/alanine rich kinase (SPAK); WN
with-no-lysine kinase or WNK. Not depicted: Na/K ATPase, Carbonic anhydrase 6.
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Effect of Cftr-null mutation and fluoride exposure on composition of lower murine incisor enamel assessed by

TABLE 1

quantitative electron microscopical X-ray analysis (mean and standard deviation, n=3)

Wild-type (weight %)

Fluorotic wild-type (weight %)

secretion mid maturation | late maturation | secretion | mid maturation | late maturation
CaO 24.7+15 45.6x2.02¢ 50.5z 0.29¢f 24.8+2.1 35.6% 3.9 40.9£3.54
P,05 21.1+2.2 37.9+3.6"@ 40.7+1.714 195+ 1.1 28.8+ 3.5@ 32.7+2.61
Ca/P(mol/mol) 1.49+0.13 1.53+0.09 1.57+0.06 1.60+0.11 1.57+0.03 1.58+0.02
MgOx1073 320+190 120+12 215+40M 243+86 290+190 426+160
SO3x1078 1145+150% ! 63+ 20 16+11 880+279 205155 49+10
Fx1073 60+£34™M 82+28P 67+13° 13650 217+81Par 155+98
CI %1078 181465 325+624 332+18Wx 148+146 224+40Y 2584507
Cftr-null (weight %) Fluorotic Cftr-null (weight %)
Secretion | mid maturation | late maturation | secretion | mid maturation | late maturation
CaO 27.9+32 27.5+1.8° 41.9+0.9% 25.0£3.7 31.6+ 4.3 34.8+ 0.9
P,05 21.3+£29 21.5+2.0" 31.9+1.2% 21.7£3.7 26.2+3.0' 28.9+0.9!
Ca/P(mol/mol) | 1.58+0.05 1.62+0.05 1.67+0.02 1.46+ 0.05 1.53+0.05 1.52+0.04
MgOx1073 310+30 370+100 400+10 465+19K 27040 560+48™
SO3x1073 90475 643+439 61+5 647+101 270+250 198+99
Fx1073 56+39 45+184 51424t 187+24™ 179+30" 218+45%
CIx1073 114+13 134+38 1411w 117+74 147+24VY 131+ 20%

For each stage of development (secretory stage, early maturation or late maturation) the values were compared between the four groups. Significant

differences between groups are indicated by the same character or symbol (p< 0.05; Anova, one way)
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