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Glutaraldehyde purity and stability: implications for
preparation, storage, and use as a pulpotomy agent
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Abstract
Glutaraldehyde can be prepared and stored for use as a

pulpotomy agent in a variety of ways. This study was
designed to determine the most effective and practical
procedures in the clinical setting. The purity and efficacy
of several glutaraldehyde solutions were analyzed before
and after six months of storage. Commercial
glutaraldehyde (25%) contained considerable organic
impurities, but solutions prepared from it proved more
effective at fixing protein than the solutions prepared
from pure glutaraldehyde. Comparison of refrigerated and
room temperature storage of dilute buffered and
unbuffered solutions demonstrated that the buffered,
unrefrigerated preparations developed organic impurities,
some of which were different chromatographically from
those seen in stock solution. In addition, fixation of pulp
protein by the aged buffered preparations was diminished,
as determined by measurements of residual enzyme
activity. The results suggest that while some of the
impurities in stock glutaraldehyde solutions are polymers
which enhance fixation, some that appear in buffered
solutions stored at room temperature are converted species
which have lost their cross-linking properties.

The search for a substitute for formocresol (FC)

had been prompted by a series of negative reports
questioning both its local tissue effectsTM and its ex-
trapulpal toxicity. 5,6 Recently, glutaraldehyde (GA), 
standard fixative for electron microscopy,7 has been
recommended8,9 and tested ..... as an alternative pul-
potomy medicament for deciduous teeth. Its efficacy
as a protein cross-linking agent has been demon-
strated with bovine pulp,12-14 and several clinical stud-
ies are ongoing’~,~6 or completed.11 Therefore, it is likely
that the use of GA as a pulpotomy agent will become
more widespread. Since users of GA for histologic
fixation have noted that purified solutions of GA are
unstable, resulting in a variable composition of stock
solutions,1 .... this study was initiated to determine if
these concerns might have clinical implications. Spe-
cifically, this report will deal with the effects of prep-
aration and storage on the accumulation of chemical

impurities in GA solutions and their impact on the
fixation of bovine pulp.

Methods and Materials
Preparation and Storage of Solutions

An aliquot of a 25% stock solution of commercial
glutaraldehyde (pH 2.9)a was vacuum distilled at 80°C
to obtain the pure dialdehyde. The distillate was di-
luted immediately with either distilled water to make
2 and 5% unbuffered solutions or with 0.1 M phos-
phate buffer (pH 7.2) to make 2 and 5% buffered
solutions. The initial pH of the freshly made unbuf-
fered preparations was 5.8. An aliquot of each was
refrigerated at 4°C; another aliquot of each was stored
at room temperature (25°C).

Analysis of Impurities
Immediately after preparation and monthly for six

months the aliquots were analyzed spectrophoto-
metrically for the presence of impurities, determined
by an increase in the 235/280 nm absorbance ratio
(impurity index). This index was chosen because 
has been reported that the dialdehyde is responsible
for absorption at 280 nm and extraneous material for
the absorption at 235 nm.’9,~° Thus, in this study an
increase of the ratio 235/280 nm denotes a conversion
of glutaraldehyde into contaminating molecules or
polymeric forms of GA.

Cross-Linking Assay
The ability of various preprations of GA to fix pulps

was determined by comparing the degree of cross
linking following exposure of pulp tissue to each of
the solutions. The procedure for the cross linking fol-
lowed the protocol of Hassel and Hand.2l After thaw-
ing and mincing frozen samples of calf molar pulp,
weighed aliquots (-0.5 g) were placed in vials con-
taining 10 ml of 0.1 M phosphate buffer or one of two
preparations of 2% buffered GA, prepared either from
purified distillate or a stock solution with demon-
strated impurities. The samples were agitated on a

Aldrich Chemical Co., Milwaukee, WI.
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reciprocal shaker for four hours at room temperature,
after which any extTacted protein was separated by
filtration. Protein in the filtrate (extractable fraction)
was precipitated with 10% trichloroacetic acid (TCA)
and washed several times with 5% TCA. The final
precipitates were solubilized in 1 NaOH at 60°C over-
night and assayed for total protein. The filtered res-
idue from the original treated samples was rinsed and
homogenized in distilled water using a hand homog-
enizer and then centrifuged at 750 x g at 4C for 20
minutes. The supernatant (soluble fraction) and the
remaining pellet (insoluble fraction) were treated 
described above. The amount of protein in the frac-
tions was determined by the Bradford assay= using
bovine serum albumin (BSA) as a standard, and the
mean _+S.D. was calculated for five samples at each
condition.

Enzyme Assay
Lactic dehydrogenase activity was determined as a

measure of tissue viability following fixation. The
procedure for the assay of lactate dehydrogenase ac-
tivity was modified from a previous study.’2 In initial
experiments comparing enzyme inactivation by stock
and pure preparations, pulp samples were incubated
for one hour in 0.2% buffered GA solutions diluted
from either stock solution or fresh distillate. Phos-
phate buffer (0.1 M, pH 7.2) served as the control
solution. The residual fixative property of stored GA
was determined by treating pulp samples with the
2% preparations that had been stored for six months.
In this latter experiment, buffer, 2% buffered and un-
buffered glutaraldehyde (stock), and 2% buffered and
unbuffered glutaraldehyde (distillate) served as con-
trol solutions. After treatment, each sample was
washed and homogenizedb for 1 minute in 10 ml of
0.2M Tris HC1, pH 7.3. Following centrifugation ~ for
10 minutes at 300 rpm the supernatant was decanted.
Fifty microliters of the supernate was added to a cu-
vette containing 2.8 ml of Tris HC1, 1.0 ml of 6.6 mM
NaOH, and 0.1 ml of 30 mM sodium pyruvate, then
vortexed for 10 seconds. Change in absorbance per
minute was measured with a spectrophotometer at
345 nm at room temperature. The activities were cal-
culated as units/mg of wet weight, and a mean _ S.D.
was calculated for five samples in each group.

Chromatographic Analysis
The presence of chemical impurities was deter-

mined by comparison of thin layer chromatograms ot
each of the test solutions with freshly distilled GA.
Thin layer chromatograms were prepared by appli-
cation of distilled GA, stock GA, or stored GA solu-
b Tekmar Tissumizer, Tekmar Co., Cincinnati, OH.
c IEC clinical centrifuge, International Equipment Co.,

Needham, MA.

tions to chromatography plates, d The mobile phase
consisted of benzene: methanol 4:1, v/v. Spots wer~
visualized following oxidation with 50% sulphuric acid
and heat.

Results

The effects of preparation and storage are shown
in Figure 1 where the ratios of the absorbance read-.
ings at 235 and 280 nm are plotted. The presence of
impurities appears to be segregated into three distinct
groups. All of the unbuffered preparations, regard-
less of GA concentration or storage temperature,
demonstrated little or no change in their absorbance
ratios. The pH of these solutions ranged from 6.3 to
6.6 at the end of six months. In contrast, buffering
the solutions promoted an increase in the 235 nm
absorbing molecules, in some cases dramatically. It
also is apparent that refrigeration slowed the process.
The buffered 2 and 5% preparations stored at 4°C
exhibited an increase in their impurity index to 2.1
and 2.9, respectively. When left at room temperature
the buffered 2% GA reached a ratio of 28.2 and the
buffered 5%, 12.7. In both instances the peak values
began to fall and their respective ratios at six months
were 17 and 5.2. The final pH of these solutions was

7.9 for the 2% preparation and 7.7 for the 5%.
To ascertain whether the accumulation of poly-

meric forms in GA can enhance its ability to react
d EM Science, Cincinnati, OH.
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with protein, bovine pulp was treated with either stock
or pure GA preparations and then analyzed for the
status of the cross linking and enzyme suppression.
The cross-linking capacity of stock and purified GA
is compared in Figure 2. During the ’four-hour incu-
bation, 68% of the protein was extracted from the
control pulp. The remaining protein was divided al-
most evenly between the soluble and insoluble frac-
tions. The GA preparations significantly modified the
distribution of these fractions. Distilled GA increased
the insoluble protein to almost half (49%) of the total
while substantially reducing the extractable fraction
(26%). The solution prepared from a stock source had
an even greater influence on the tissue. Not only was
the percentage of the insoluble fraction increased
(55%), but the extractable fraction was reduced 
more than half when compared to the group treated
by distilled GA.

The inhibition of lactic dehydrogenase by GA so-
lutions prepared from stock or the distillate is de-
picted in Figure 3. When compared to the control
tissue, the 0.2% solution of distilled GA reduced the
enzyme activity 44%. In contrast, the solution pre-
pared from the stock bottle inactivated the enzyme
almost totally, leaving less than 2% of the former ac-

In order to determine if stored dilute GA develops
polymeric forms or undergoes a degenerative process,
the 2% preparations were analyzed for their impact
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FXCURE 2. Comparison of the distribution of three protein
fractions of bovine pulp following treatment with buffer or
two glutaraldehyde preparations.
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FIGt~RE 3. Comparison of residual lactate dehydrogenase
activity of bovine pulp following treatment with either dis-
tilled or stock glutaraldehyde.

on lactic dehydrogenase activity. The results of the
enzyme study comparing the activity of fresh and
aged dilute solutions are presented in Figure 4. Only
one of the preparations, 2% buffered and unrefriger-
ated GA, proved ineffective in inhibiting the activity
of lactic dehydrogenase. Although there was some
reduction in this group the assays were variable and
not statistically different from the control. All of the
other preparations significantly reduced the activity
of the enzyme.

Chromatograms demonstrated the distillate to be a
pure preparation (Figure 5). While the patterns of the
stock solution and six-month buffered and unrefri-
gerated solutions were identical ~n many respects, the
latter preparation exhibited new molecular species.
The unbuffered, unrefrigerated solutions and all the
refrigerated preparations underwent little or no change
as demonstrated by chromatography.

Discussion
The purity, efficacy, and stability of GA was eval-

uated by spectrophotometric and biochemical meth-
ods in order to develop principles concerning the
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FIGURE 4. Comparison of residual lactate dehydrogenase
activity of bovine pulp following treatment with four stored
preparations (2% Buffered, 2% Unbuffered-Refrigerated, 2%
Unbuffered, and 2% Buffered-Refrigerated) or with four
fresh glutaraldehyde solutions.

preparation and storage of dilute solutions. Two and
5% dilutions were selected since both have been pro-
posed as possible concentrations for clinical prac-
tice.910 Because certain treatment settings might find
the cold storage of a pulp medicament to be imprac-
tical, refrigerated and nonrefrigerated preparations
were compared for the development of impurities and
possible deterioration over a six-month period.

There is good reason to believe that the polymeric
forms are responsible for the majority of the cross
linking by GA.23 These results substantiate the theory
that the accumulation of polymeric forms in GA en-
hances its ability to cross link protein. Not only was
the insoluble component of the treated bovine pulp
increased following treatment with the stock prepa-
ration, but the extractable fraction was reduced sub-
stantially, indicating a rapid fixation. By the other
criteria, enzyme inactivation, the stock preparation
was again more effective. The activity of lactate de-
hydrogenase was destroyed almost totally by the
treatment, whereas the tissue treated with the distil-
late demonstrated significant residual activity. The
results of the enzyme assay agree with the study of
Anderson,19 in which the remaining activity of several
enzymes of skeletal muscle were compared following
treatment with glutaraldehyde of various impurities.

This study also demonstrated that the buffering of
GA augments the accumulation of substances that
absorb at 235 nm, particularly when the solution is
stored at room temperature. The impurity that ab-
sorbs at 235 nm in a stock solution is likely a dimer
or other polymer of G A.1722 However, the chro-
matographic evidence suggests the presence of con-
verted molecular species besides polymerized G A.

D B
FIGURE 5. Thin layer chromatogram of stock(S), dis-
tilled(D), and buffered (B) glutaraldehyde, the latter being
stored at room temperature for six months.

Thus, dilute buffered GA stored at room temperature
appears to manifest a variety of molecular forms which
differ from those in the 25% stock solution.

Other proposed impurities in stock GA such as ac-
rolein, glutaric acid, or glutaraldoxime have not been
demonstrated. One possible impurity, glutaric acid
semialdehyde, has not been examined. In this study
the authors did not attempt to define the new mo-
lecular forms found in the preparations. Although no
evidence exists, the initial rise and subsequent fall of
the impurity index of the two buffered and unrefrig-
erated preparations might have represented an early
polymerization followed by deterioration.

Despite the failure of several investigators to iden-
tify an extraneous chemical, concentrated stock GA
obviously undergoes an oxidative process to form or-
ganic acids since the pH of these solutions is invari-
ably acidic. Studies on the pK of G A suggest that a
few molecules rapidly oxidize to the hemiacid of GA,
and the acidic pH catalyzes polymerization.17 The un-
buffered preparations in this study did not acidify,
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which might account for the reduction in polymer
formation. Apparently, the dilution of pure GA min-
imizes the effects of oxidation.

Assays of residual enzyme activity in pulp treated
with the preparations of stored dilute GA substanti-
ated the chromatographic evidence that buffered GA
at room temperature undergoes conversion into non-
cross-linking molecular species. Whereas the buff-
ered, unrefrigerated solution developed the highest
impurity ratio, it also demonstrated the least enzyme
suppression. These findings suggest that polymeric
forms are not responsible for the increased absorb-
ance in this preparation. Although new molecular
species were demonstrated by chromatography, they
were not effective in cross linking the enzyme. This
observation is of some interest since an earlier study’4

showed that buffered GA was twice as effective in
cross linking bovine pulp as a similar concentration
prepared with distilled water. Although the clinical
use of nonbuffered GA would fail to optimize its ca-
pacity for fixation, these findings suggest that unless
buffered preparations can be stored cold, they will
deteriorate in time.

Summary and Conclusions
This study demonstrated that a concentrated stock

solution of GA that typically might be used in the
preparation of a pulpotomy agent contained a variety
of molecules other than the GA monomer. Distilla-
tion purified the dialdehyde, but cross linking and
enzyme assays revealed that preparations of the
monomer were less effective than the solutions pre-
pared from the commercial source. This study also
demonstrated that buffered GA solutions prepared
from distillate and stored at room temperature de-
veloped new molecular species. Unbuffered dilute
preparations remained stable regardless of the tem-
perature, but buffered dilute solutions benefited from
cold storage. Unlike stock solutions containing pol-
ymers of GA which are effective in fixation, some of
the impurities in the buffered, unrefrigerated aliquot
probably were not cross-linking molecules. Previous
studies have demonstrated that preparations using
the pure dialdehyde are more effective when buff-
ered, but these current findings suggest that buffered
preparations must be stored in the cold to slow de-
terioration. If refrigeration is not practical, the use of
unbuffered preparations at a slightly stronger con-
centration is recommended.
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