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Recently, attempts have been made to decrease the time
necessary for demineralizotion of bone by adding various compounds
to the demineralizing acid which bind and remove the dissolved
bone minerals. The comounds used for this purpose have been ion
exchange resins and chelating agents. Because both of these
compounds employ the same principle in demimeralization, they have
been conslidered as a unit for this investigation of their
usefulness.

Dottl, Paparo, and Clarke3 introduced a method for
demineralizing bone which used an ion exchange resin, Win 3000,
mixed with formic acid. The method was reported to demineralize
more rapldly than other methods and not to alter thne morphology

or stalning reactions of the tissue elements. Lillie4

, 1n a
review of thils paper, questioned whether the results of the method
were actually better than formic acid alone because there was no
formic acid control for comparison. Casez, in a study of the

use of cation exchange resin in demineralization, found that

c£.d1iticn of the lon exchange resin, Win 3000, to formic
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acid did not appreciably shorten the demlneralization time
nor enhance tissue preservation and stalning qualities.

3reebny and Nikiforuk! and Birge and Imhoffl introduced
a method of demineralization using another calclum acceptor.
This method uses the chelating compound ethylene diamine
tetra acetate or Versenatei in acid solution for demineralization.
The method was aamittedly slowcr than other methods, but it
was still thought to be valuable because of the excellent
preservation of the tissue elements.

The purpose of thils study is to determine whether ion
exchange resins or Versenate have any advantages not found in

the use of an acild solution alone,

-— —

.

+ "ursznate Is the proprietary name given this compound by the
Sergworth Chemical Company, Framingham, Massachusetts.
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MATERIALS AND METHODS

1. Bone samples for the experiments were either (1) dense
cortical bone from the snaft of an air-dried, adult,
human ferur or (2) whole caudal extremities of male
Wistar rats over 150 days of age with the soft tissue
intact. The samples of human bone were from the standard
bone sample previously rercrted (Morris and Benton5).

2. All demineralizations were made 1ln polyethylene contalners
and the samples were agitated at 78 rpm at 25° C. on a
roller agitator.

3. 100 ml of acid soluticn of known molarity were used in
sach demineralization. In the reslin experiments, 24 grams
of resin in the saturated hydrogen form were added to
100 ml of acild solution of known molarity.

4. Four ion exchange resins were used for the experiments:

1) IRC 50: a carboxylic acid type cation exchanger
which operates in a pH range from 4.0 to 8.0.t

2) IR 112: a sulfonic acid type cation exchanger which
operates over the entire pH range.?

3) IR 120: a sulfonic acid type esilon exchanger which

operates over the entire pH range.t

t Grateful acknowledgment 1s made to the Rohm and Haas Chemical
Corporation who supplied the resins for this study.
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4) Win‘3000: an ammoniﬁm sait 6f a sﬁlfbnic acid ﬁ;ﬁg
cation excharger which operates in the aaid
range. }

5. The extent of dedlneralization was determined by X-ray
photography.

6. Determinations of acid concentration, calciﬁm, rhosphorus,
and nltrogen were made on all solutions before and after
demineralization. The technical methods used were described
in the section on Materials and Methods in a previous paper

(Morris and Bentond),

t Winn 3000 is distributed by Winthrop-Stearns, Inc. of
New York Cilty.
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EXPERIMENTS

EXPERIMENT 1: Comparison of demineralization using ion exchange

resins and acid with the acid alone.

Five pleces of standard bone were shaped to approximately

the same weight and surface area accordling to the method described
in a previous paper (Morris and Benton5). The weights of the
bone samples were from 235 to 244 mg and the surface areas from
165 to 169 sq. mm. One plece of bone was placed in each of the
following solutions:

molar hydrochloric acid

molar hydrochloric acdd

1
1
resin

1 molar hydrochloric acid + 25 grams of IR 112 ion exchange
1

1

+

25 grams of IRC 50 ion exchange

resin

molar hydrochloric acid
resin

molar hydrochloric acid
resin

-+

25 grams of IR 120 ion exchange

+

25 grams of Win 3000 ion exchange

The bone samples were agitated in these solutions until completely
demineralized as determined by X-ray photography.

After the bone samples were completely demineralized they
were digested in concentrated bydrochloric acid. Calciunm,
phosphorus, nltrogen, and molarity determinations were made on
all the demineralizing solutions and on the digestion solutions.
RESULTS:

The bone samples were not demimeralized in the same amount
of time; the samples in the acid alone and the IRC 50 + acid were

demineralized in 17 hours. The samples in IR 112, IR 120, and
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Win 3000 + acid were demineralized in 19 hours.

The weight loss for all the bones was about the same, but
the least welght loss was found in the samples demineralized
in the acid alone, IR 112, and Win 3000 ¢+ acid. These samples
lost about 105 mg of thelr weight. The samples demineralized
in IR 120 and IRC 50 had a weight loss of about 111 mg or 6 mg
more than the other samples. These data are shown in Table I.

There was no significant change 1n the acid molarity of
any solution during cemineralization; nitrogen determinations
on the demineralizing solutions showed less than 0.1 mg nitpogen
for all samples. Unbound mineral is recorded in Table I.

The nitrogen determinations on the digestioh mixture of
the demineralized bone pileces showed no difference in the amount
of protein hydrolysis betwsden thezacid and resin solutlons.
All determinations were within 2 parts per 1000 of each other.
No calcium or phosrhorus could be detected in the digestion

solutions. These data are recorded in Table I.

EXPERIMENT 2: Comparison of demineralization with ion exchange

resins and acid with acid alone using bone and

assoclated soft tissues.

The caudal extremities of male Wistar rats over 150 days
of age were fixed by perfusion with 104 formalin, Bouin's
solution, or 5% iodine in methanol,

Four acids with four resin combigations were used in the

experiments. The acids were 1 molar concentrations of
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hydrochloric, formic, trichloroacetic, and phosphoric acids,
Each acid was used in five omabinations: as a control
solution of acid alone, or with 25 grams of IRC 50, or IR 112,
or IR 120, or with Win 3000 resin., In all, 75 variations of
fixative-acid solution-resin were used.

Before the extremities were placed in the demineralizing
solutions, the muscle tissue was trimmed to a thickness of
about 1 centimeter on all sides of the bone samples. Complete
demineralization was determined by X-ray photograrhy in all
samples except those fixed in iodine solution. The presences
of the iodine in the tissues made the specimens opaque and
masked the removal of the calcium from the bone. After
demineralizatien, the extremlties were sectioned for microscopic
examination., These results wlll be reported in a subsequent
paper.

Calcium, phosphorus, nitrogen, and molarity determlmations
were made on the demineralizing solutions before and after
demineralization,

RESULTS:

The order of deminerdlization of the varilous samples may
havé been due to the difference in the slze of the extremlties
and the amount of muscle mass although the specimens were
selected at random, In general, the control, the acld alone,
finished first most frequently; the resin sclutions IRC 50
and IR 112 usually finished early, Win 3000 finished late as
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often as it finished early and IR 120 was tie solviion most
frequently last to demineralize the 3am le,

Changes in the nolarity of the acld solution were slight
belng less than 0.2 molar in the control and IRC 50 resin
solutions, and less than 0,1 molar in the other resin solutions,

Nitrogen determinations showed that most nitrogen was
removed from the tlssue during demineralization by trichloroacetic
acicd; phosphoric acic was next, and then formic acid. The least
amount of niltrogen removed was »y hydrochloric acid. The amount
of nitrogen removed by an acid was the same with or without the
addition of resins. The average nitrogen removed by the various
acids 1is recorded in Table II.

EXPERIMENT 3: Comparison of alkaline and acld Versenate 4

as demlneralizing agents with 1 molar hydrochloric

acld.

Samples of standard bone were shaped to approximately the
same welght and surface area as previously described (Morris

and Benton5).

Data: Sample Weight Surface Area
(mg) (sq. mm.)
1 8% 106
2 8 105
3 85 105

+ Grateful acknowledgement 1s made to the Bersworth Chemical

Gompany of Framingham, Massachusetts who supplied the Versenate
for these studies.
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Sample 1 was placed in a2 1 molar concentration of
hydrochloric acid; sample 2 was placed n a 0.1 poiar (saturated)
solution of di-sodium di-ltydrogen Versenate at pH 4.8; sample
3 was placed in a 0.1 molar (saturated) solutior of tetra-sodium
Versenate at pH 8.8. The tetra-bydrogen form of Versenate was
not used because 1t 1s almost insoluble at the higher pH values.

Completa deminerallzation was determined with X-ray
photography. Nitrogen determlinations were made on all solutions.
RESULTS :

Sample 1 in 1.0 molar hydrochloric aclid was demlineralized
in 4 hours; sample 2 in di-sodium di-hydrogen Versenate was
. demineralized in 12 days; sample 3 in tetra-sodium Versenate
was not completely demineralized in 25 days when the experiment
was terminated. The amount of nifrogen in all solutions wes

nil.
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DISCUSSTON

The purpose 1n using an ion exchange resin for
demineralization is two-fold (Dotti et al3): to decrease the
time necessary for demineralizatlon, and to decrease the amount
of soft tissue destructlion by the hydrolytic action of the acid.
Ion exchange resins will accept and bind cations; typ .removiag
the catlion Ca*t, it was believed that the diffusion gradient
of the bone salts out of the bone would ve increased, and this
would decrease the time necessary for demineralization. The
use of ion exchange resin Win 3000 was reported to prevent
morphological alteration and to maintain the typlcal staining
reactions of the cellular elements, The mechanism of protection
was not defined by the innovators of the method.

All catlion exchange resins do not accept the same amount
of calclium ion per gram of weight. Titrations of resins with
calcium lon showed that IR 120 and Win 3000 were the most
efficient calclum acceptors and bound about 28 mg Cat** per gram
of resin; IR 112 was Intermediate 1n capacity and bound about
18 mg Ca** per gram of resin; IRC 50 had the least capacity and
bound less than 1 mg Ca** per gram in acid solution.

In Experiment 1, standard bone samples were demineralized
in mixtures of hydrochloric acid and resins. The results showed
IrG 50 to be the most rapid resin demineralizing system; this

resln accepts the least amount of calcium ion of the resins
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studied., In Experiment 2, where resins and acids.were used
for demineralizing bone with assoclated soft tissues, IRC 50
and IR 112 were the most rapld resin demineralizing systems;
again, these resins are low calclum lon acceptors. The resins
with the highest calcium ion bindling capacity were slower
demineralizing systems, In both Experimegts 1 énd 2, the resin-
acid mixtures &id not demineralize as rapldly as did the acid
solution alone.

Protection of the tilssues Ly resins could not be demonstrated.
The amount of niltrogen in the solution after demineralization
indicates the amount of protein hydrolysed by the acid solution.
If the resin solution protects the soft tissues from the acid
hydrolysis, the amount of nitrogen in the resin solutions should
be less than that found in the control acid solutions. 1In
Experiment 1, the amount of nitrogen in the solutions after
complete demineralization was the same for both the acid control
and the acid-resin solutions. The amount of nitrogen in the
digested demineralized bone samples was the same for the control
acid solution and the acld-resin solutions. In Experiment 2,
where the caudal extremities of Wistar rats were demineralized
in combinations of acid-resin-ficative, the muscle bulk offered
almost unlimited protein for acid hydrolysis; the amount of
nitrogen removed from the samples was the same for all the
fixgtlve-resin combinations with a given acid, A difference

in the amount of nitrogen released from the tissue was found
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but this was assoclated wlth the tyge of acld used. Trichlorocacetl.c
acid removed the most nitrogen from the tissues and hydrochloric
acld removed the least amount of nitrogen from the tissues

(ef. Table II).

Thus, it has been found in these experiments that resilns
do not decrease the time recessary for demlneralization. Resins
do not offer protectlion to the soft tissue parts as demonstrated
by the nitrogen determinations because the amount of nitrogen
removed by an acld was the same with or without the addition of
resins.

The use of the chelating agent, Versenate, was found to be
ineffective because of the very slow rate of demineralization.
Acid Versenate does not offer any advantages which are not found
in hydrochloric acid, but does offer the disadvantage that 1t
takes 70 times as long to demineralize,

One of the advantages of Versenate according to the report
of Sreebny and Nikiforuk! ®as that it could be used as a neutral
or alkaline demlneralizing agent. Experiment 3 showed that
demineralization, for all practical purposes, does not take place
in alkaline Versenate solution. Thus, Versenate to be effective
must be 1in the acid form and therefore presents the same
difficulties as any weak acld solution.

In previous papers (Morris and Benton5:6) it was demonstrated
that the speed of demineralization 1s determined by the dissociation

constant of the acid used to brealk down the bone mineral. If a
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resin is added to the demlineralizing 22id, 1t does not alter
the amount of hydrogen ilon pressut by accepting the calcium
salts., Further, the resin does not protect the tissue from

the bydrolytic action of the acld by accepting the free aitions.
The resin may protect the tissue to a limited extent by removing
the hydrogen ion frcm solution and reducing the acid
concentration, but this was improbatble in the experiments
because the resins were in the saturated acld form initlally,
and in this state wlll accept almost no additional hydrogen ion.
Thls was demonstrated by titrations of the acild molarity before
and after addition of the resins to the solution; no difference
in molarity could be determined.

Hydrogen ion 1s the responsible agent for demineralization
of bone and for the alterations in morphology and staining
qualities of the tissues. The resins or chelating agents are
additives which remove calcium and other cations from the

solution but are ineffective in demineralization.
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SUMMARY

Four cation exchange resins 1n acid solutions were studied
to determine thelir effect on demineralization. The resins
did not decrease the tlime necessary for demineralization
below the time neczcssary I derdneralization with the
acid solution aione.

Ion exchange resins do not offer any protectlon to the
soft tissues during demineralization. The amount of nitrogen
removed from the samples was the same with or without
addition of the resins to the acld solution.

Versenate 1s a weak acid demineralizer similar to acetic
aclid in action. While it does not produce tissue
destruction, it greatly increases the tlme necessary fbr
demineralizatlion. It does not offer any advantages

which are not present in hydrochloric acid.

Versenate demlneralizes bone in alkaline solution extremely

slowly.
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