CoMPARATIVE FIxXATION OF SrR® AND Ca%®

susceptible cell sites. An alternate hypothe-
sis is that the cells undergo a change under
the influence of the dye which makes them
resistant,

The discrepancy between my findings and
those of Gochenour and Baron(3), who ob-
served photodynamic resistance in continuous
cell cultures, is as yet unexplained; but may
be due to the differences in the method used
for testing resistance. These workers used a
lower light intensity and cell cultures grown
in 2-ounce bottles under agar overlay.

Summary. Photodynamic destruction of
monkey kidney cells by irradiation with vis-
ible light from a fluorescent light source at
.20 watt/cm? for 15 minutes occurs 4 hours
after staining with acridine orange, neutral
red, proflavine, and toluidine blue. Resis-
tance to this photodynamic effect occurs when
cells stained with the same dyes are incubated
in the dark for 24-48 hours prior to exposure.
Lowering the temperature of incubation to
4°C inhibited the resistance forming process.
A resistance-producing factor could not be
obtained from resistant cells which would con-
vert sensitive cells. Aeration of the cells or
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addition of fresh media does not reverse their
photodynamic resistance. Thus, the deple-
tion of a media constituent is not the cause of
photodynamic resistance. Cell lines vary as
to their susceptibility to photodynamic action
and their ability to develop photodynamic re-
sistance. However, under the experimental
conditions outlined in this paper, primary cell
cultures display resistance, whereas, continu-
ous cell lines do not.

I am indebted to Edward W. Harvey and Audry
J. Shawver, Jr. for providing valuable technical
assistance.
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Comparative Fixation of Sr®® and Ca* by Calcified Tissues as Related to

Fluoride Induced Changes in Crystallinity.
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It was previously reported(1,2) that dis-
crimination against strontium as compared to
calcium, in formation of synthetic hydroxy-
apatite was greater in large, more slowly
grown crystals than in small, more rapidly
precipitated crystals. In a subsequent study
of the fixation of Sr3 and Ca*® by several dif-
ferent tissues of the rat(3) it was shown that
this discrimination increased with an increase
in crystallinity as determined by X-ray dif-
fraction line broadening analysis. Crystal-
linity is a measure of degree of structural per-
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fection and size of the crystals, where more
perfect and/or larger crystals are said to be
more crystalline. Recent studies of rat and
human bone apatite indicate that crystallinity
improves with increasing incorporation of
fluoride(4,5). The purpose of the present
study was to investigate the crystallinity
changes resulting from the long-term inges-
tion of fluoride in relation to the comparative
metabolism of Sr8 and Ca*® in the rat.
Experimental procedure. Male Sprague-
Dawley rats 35 days old were divided into 5
groups. All received the same prepared diet
(6,7) containing 0.8 ppm (parts per million)
fluoride. Groups were assigned drinking
water containing fluoride (as NaF) as fol-
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lows: I, 0 ppm; II, 10 ppm; III, 25 ppm; IV,
50 ppm; V, 100 ppm.

The animals were maintained on an ad libi-
tum feeding and watering regimen for 320
days at which time each was treated by intra-
peritoneal injection of 0.5 ml of a solution
containing trace amounts of Ca** and carrier-
free Sr™, plus 0.05 mg of calcium. At the end
of one hour the rats were killed and the tibiae
and incisor teeth were removed. Immediately
prior to sacrifice approximately 5.0 ml of
blood was obtained from each rat by cardiac
puncture. The incisors were cut transversely
at a point approximately one-fifth of the dis-
tance from the base to the incisal tip; the
basal segment was reserved for analysis with-
out attempt to separate the enamel from den-
tin. All samples were defatted by extraction
in alcohol for 8 hours and in ether for 4
hours.

For radiochemical analysis, the basal seg-
ment from one upper incisor was combined
with the corresponding segment of a lower in-
cisor. These samples together with the pooled
ends and associated shaft of one tibia from
each rat were weighed after drying at 105°C
and after incineration overnight at 600°C.
The ash of each was dissolved in a slight ex-
cess of hydrochloric acid and analyzed for
Sr® and Ca*® by methods previously de-
scribed (1).

The X-ray diffraction powder patterns of
hard tissue apatites are generally poorly re-
solved compared to the patterns of well-crys-
tallized minerals. This lack of resolution re-
sults from the broadening of the individual
diffraction maxima because of the small size
and imperfection of the crystals of these bio-
logical apatites. For X-ray diffraction analy-
sis, the segments of the remaining tibiae and
incisor teeth were pooled according to type
and experimental group and ground to pass a
200 mesh sieve. X-ray diffraction patterns
(Copper K-alpha radiation) were obtained on
the powdered samples using a commercial gei-
ger counter diffractometer with a high resolu-
tion slit system. The degree of resolution of
the 4 principal reflections of the apatitic X-
ray patterns (Miller indices 211, 112, 300,
202) was used as a measure of the crystal-
linity of each specimen.
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To give each diffraction pattern a crystal-
linity rating, a series of 10 templates was con-
structed to represent the hydroxyapatite X-
ray diffraction powder patterns with 10 dif-
ferent amounts of line broadening. Each tem-
plate was designated by a 8. value, the width
at half maximum, in degrees 26, of each of
the 4 Gaussian maxima summed to form the
template. The X-ray patterns were then as-
signed crystallinity, i.e., 8, values by match-
ing them with the proper template. As the
Bt value decreases, the crystal size and/or
crystal perfection increases.

The width at half maximum of the 002 re-
flection for each of the patterns was corrected
for instrument broadening by the method of
Warren(8) and designated as Boos.

The powder samples of tibia ends and shaft
used in the X-ray study were ashed and ana-
lvzed for fluoride(9,10).

Results and discussion. Table I gives the
ash content, fluoride content, and X-ray dif-
fraction data for the 5 animal groups. As
expected, the fluoride content of the bones
and incisors increased with a rise in fluoride
concentration in the drinking water. The
percent ash of the tibiae was not changed,
while the percent ash of the incisor bases de-
creased with fluoride treatment.

The B. values of both the shaft and the end
samples decreased with increasing fluoride
content. This observation, indicative of an
increase in crystal size and/or crystal perfec-
tion, agrees with previous results on human
bone(5). There were no significant changes
in Booz values of any of the bone samples.
The Boo2 is a measure of crystallinity in the
¢ axis direction only, while B, is related to the
crystallinity in both the ¢ and ¢ directions.
Thus fluoride treatment did not change the
crystals in the ¢ axis direction but did cause
growth and/or crystal perfection in the direc-
tion of the @ axis. Similar unpublished results
have been obtained on human bone by one of
us (ASP).

In contrast to bone, incisor apatite crystal-
linity did not change with an increase in fluor-
ide ingestion as indicated by the lack of
change in Bggs or B; values. The reasons for
this different response to fluoride are not im-
mediately apparent. While the incisors con-
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TABLE I. Comparison of X-Ray Diffraction Line Broadening and Fluoride Content of Rat
Tibia and Incisors.

F content of

Group* H,O (ppm) Sample Ash, % F, % ash B:} Bood
I .0 Ends of tibia 57.57 + 1.06 030 1.15 .545
Shaft of tibia 70.71 + 1.68 .020 1.10 .464

Base of incisort 65.05 + 1.07 .038 .70 408

II 10.0 Ends of tibia 57.13 += .55 165 1.10 .481
Shaft of tibia 73.25 + 2.70 139 .90 446

Base of ineisor 63.64 + 1.34 097 .70 .351

111 25.0 Ends of tibia 58.77 + .66 471 1.00 523
Shaft of tibia 70.60 == .55 291 .85 467

Base of incisor 62.03 + 2.67 156 .70 354

v 50.0 Ends of tibia 58.05 += .99 684 95 513
Shaft of tibia 69.53 + .72 523 .80 467

Base of incisor 62.09 + 2,26 350 .70 408

v 100.0 Eunds of tibia 57.23 = .60 1.070 .85 452
Shaft of tibia 69.66 + .65 796 .75 .459

Base of incisor 58.46 + .53 460 .70 406

* Group I: 3 animals; II, III, IV and V: 6 animals.

t Proximal fifth of upper and lower ineisors.

{ The template g value; avg width at half maximum of the 211, 112, 300, and 202 reflections.
Precision of these values is ealeulated to be + 5%.

§ Width at half maximum of the 002 X-ray diffraction reflection corrected for instrument
broadening, expressed in degrees 2¢. Preecision of these values is calculated to be + 5%.

tained less fluoride than the tibia ends and
shaft at each level of fluoride supplementa-
tion, improvement in bone apatite crystallin-
ity occurred at fluoride concentrations below
those found in some of the incisor samples
(Table I). On the other hand the incisor
samples were initially more crystalline than
either of the tibia samples and therefore the
incisor apatite may be less susceptible than
bone apatite to further improvement in crys-
tallinity through fluoride incorporation. It is
also possible that equilibrium with fluoride
has been more nearly realized by bone apatite
than by incisor apatite, since, in rats of this
age the more mature bone contains propor-
tionately less new mineral than the rapidly
growing incisor base, as illustrated by the dif-
ferential radioisotope uptake (Table III).
Serum levels of Sr%° and Ca*® in the ex-

perimental animals are shown in Table II.
Uptake of these isotopes by the tibiae and in-
cisors is summarized in Table III. An inter-
esting comparison with respect to metabolic
activity can be made between these results
and previously published data on young rats
(3). Despite the fact that serum radioiso-
tope concentrations in the earlier experiment
were essentially the same as in this study, up-
take of Sr% and Ca*® in the 25-day-old rats
was 40 to 50 times higher for the tibia ends
and shafts, respectively, than for the same
tissue in the one-year-old rats. In addition,
a reversal takes place in the relationship be-
tween radioisotope uptake by the tibia end
and uptake by the incisor base. In the young
rat the tibia ends are more metabolically ac-
tive than the incisors, while the opposite is
true in the older rat.

TABLE II. Serum Levels of Sr® and Ca® in Control and Fluoride Treated Groups of Rats.

o]

F content of L

Cat5*

Sr®:Ca®*

Group H,0 (ppm) ———————9% of dose/m] of serum—————
I .0 476 +.0113 467 + .0206 99 +.05
11 10.0 451 =+ .0067 .385 +.0170 1,18 + .05
I 25.0 419 + .0226 406 =+ .0305 1.04 + .04
13% 50.0 .433 =+ .0109 375 +.0214 1.15 +.03
v 100.0 458 + .0158 459 =+ .0190 99 + .02

* Mean =+ stand. error calculated for each sample.
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TABLE IIT. Uptake of Sr® and ('a* by Rat Bonce and Tueisors in Relation to Fluoride Induced
Changes in Crystallinity,

I content of Sy * Ca®* Sr¥:Ca* t
Group  H,O (ppm: Sample % of dose/mg of ash———————
1 .0 Ends of tibia 0349 4+ .00020 00371 =+ .00038 91 +.03
Shaft of tibia 01T+ .00056 00111 =+ .00 91 + .08
Base of incisor: 0840+ .00084 00839 =+ .00155 1.02 =+ .11
Ir 1no Ends of tibia 0337 +,00012 00311 +.00024 1.10 =+ .05
Shatt of tibia M0TTT =+ .00006 00111 =+ .00007 1.12 + .09
Base of ineisor L0838 4+ .00064  .00925 + .00034 93 + .06
111 200 Ends of tibia 00298 + 00014 .00276 =+ .00013 1.09 =+ .08
NShaft of tihia 00096 4+ ,00021 00089 =+ .00002 1.08 += .01
Base of incisor LDORKS =+ .00251 00962 + .00263 91 + .08
v 500 Ends of tibin 00291+ .00018 00279 +.00009  1.04 =+ .047
Shatt of tibin 00007 4+ 06044 00087 + .00046  1.08 =+ .052
Jase of ineisor 00730 4+ 00237 00766 =+ .00207 .94 4+ .010
AY 100,0 Ends of tihia 00327 4+ 00018 00305 =+ .00020 1.15 =+ .07
Shaft of tibin 00107 4+ .00003 00110 + .00080 1.00 + .08
Base of ineisor 1046+ .00134  .01218 =+ .00195 .88 + .05

* Mean = stand, errvor ealeulated for each sample.
t Mean = stand. errors for each sample ealeulated trom individual ratios.

t Proximal fifth of upper and lewer incisors,

In general the bones which increased in
crystallinity due to fluoride treatment showed
a decreased radioisotope uptake. In the
bones of the 100 ppm fluoride treated ani-
mals an increased crystallinity was associ-
ated with a higher uptake than that found
in the 25 and 50 ppm animals. It has been
reported that high levels of fluoride produce
in animals histologic and metabolic changes
in soft tissue, bone, and other organs such as
kidney(11,12,13). In rats receiving 100 ppm
fluoride such changes could affect radioiso-
tope retention.

The Sr#/Ca* ratios of the tibia samples
were generally equivalent to the ratios of cor-
responding serum specimens. On the other
hand the Sr™Ca'" ratios of the incisor sam-
ples were lower than the serum ratios, indica-
tive of a discrimination against Sr relative to
Ca. Past studies showed that new crystal
formation and not surface exchange is pri-
marily responsible for the differential uptake
of Sr and Ca(3). The better crystallized.
more slowly formed apatite retained relatively
less Sr than Ca, while the poorly crystallized,
more quickly precipitated material retained
equal quantities of the ions(1,2). These re-
sults would suggest that the discrimination
against Sr in the incisor is due to the fact that
this material, relative to bone, is better crys-
tallized and contains relatively more new

crystals as evidenced by its higher radioactiv-
ity. The lack of discrimination in fluoride
treated bone despite the increased crystal-
linity is probably due to the small amount of
new crystal formation in these tissues.

Summarv. X-ray diffraction analyses, and
Sr* and Ca* uptake studies in tibiae and
incisors of control and fluoride treated one-
vear-old rats were carried out. In the tibia
ends and shafts an improvement of bone apa-
tite crystallinity in the direction of the a axis
and not the ¢ axis was produced by fluoride
ingestion. No changes in incisor apatite crys-
tallinity were observed. Uptake of Ca*® and
Sr® was decreased in the tibia ends of the 25
and 50 ppm F treated animals. Sr%?/Ca? ra-
tios in the tibia samples were the same as in
the serum specimens. There was a dis-
crimination against Sr in relation to Ca in the
incisor bases. Radioactivity in the tibia of
one-year-old animals was 1/40 to 1/50 of
that found in a group of young animals
treated similarly in an earlier experiment. In
the young rat the tibia ends were found to
incorporate more Sr®® and Ca** than the in-
cisor, while the opposite was found in the
older rats.
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Gastric Mucosa.*
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We have described some aspects of the elec-
trolyte composition of frog gastric mucosa as
the first step in a study of the relation be-
tween cell composition and secretory ability
(1). In this paper we show that the concen-
tration of ouabain (G-strophanthin) which
inhibits acid secretion also causes K in the
tissue to fall and Na to rise. If the mucosa
is incubated in a solution in which part of the
Na is replaced by K, tissue concentrations
are returned toward normal, and acid secre-
tion is restored.

Methods. Our methods for measuring acid
secretion by gastric mucosal sacs of Rana pi-
piens have been described(2). The only
change in technic is that the tissues are now
always incubated under a Pos, of approxi-
mately 2,000 mm Hg which reduces aerobic
glycolysis to a negligible rate. Likewise, our
methods for incubating mucosas for determin-
ation of volumes of distribution of radioiodi-
nated serum albumin (RISA), inulin and
mannitol and our analytical methods for tis-
sue electrolytes have been described, together
with evidence showing that the 4-hour vol-
ume of distribution of RISA is probably a
correct estimate of the extracellular space(1).

Results. The inhibitory effect of ouabain
on acid secretion by frog gastric mucosa is
shown in Fig. 1.

* Aided by grant from USP.H.S.

The effect of 10 M ouabain on electro-
lytes and spaces of RISA and inulin in frog
gastric mucosa is shown in Fig. 2. [Nal], was
117 mM, [K], 9 mM and [Cl], 104 mM.
The control values are the cumulative ones
collected in our laboratory over a 2-year pe-
riod, and include observations made in par-
allel with those in which ouabain was used.
Consequently, the differences can be attrib-
uted to ouabain and not to seasonal variations
or changes in methods. The climbing curves
for RISA and inulin show diffusion of the
substances into the tissue over the 4-hour pe-
riod. The curves for H,O, Na, K and Cl
show the amounts in the tissues at time of
analysis. Ouabain produces no change in to-
tal H,0, but reduces both RISA and inulin
spaces. Four-hour mannitol spaces, not
shown in the figure, were for control mucosas
545 + SEM 17 (n = 30) and for ouabain-
treated mucosas 410 = SEM 10 (n = 20).
The parallel reduction in these 3 spaces with-
out increase in total H-O shows that the cells
swelled at the expense of extracellular fluid
space. During incubation tissue Na rose and
K fell, doubtless reflecting similar changes in
intracellular concentrations. On the assump-
tion that the 4-hour RISA space is true extra-
cellular volume the intracellular concentra-
tions can be calculated. However, it seems
likely that there are at least 2 cell types in





