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Abstract

The purpose of this research was to measure the.
systemic absorption and distribution of glutaraldehyde
from pulpotomy sites in dogs.

Pulpotomies were performed on the incisors and
canines of 5 mongrel dogs. A cotton pellet containing 20
~1 of 2.5% "4C-(1,5) glutaraldehyde with an activity 
6.25 x 105 dpm/~l was placed in each pulpotomy site
for 5 rain. Whole blood samples, urine, and expired air
were collected up to 90 rain when the animals were
sacrificed and tissue samples removed from various
organs. The tissue samples were prepared and counted in
a scintillation counter to determine 14C-activity.

The results demonstrate that glutaraldehyde is absorbed
into the systemic circulation following 5-rain application
of the agent to vital pulpotomy sites. Tissue binding of
absorbed glutaraldehyde was relatively low and the
remaining portion of the absorbed glutaraldehyde was
metabolized and excreted in the urine or exhaled as
carbon dioxide. Gradual impairment of the
microcirculation of the pulp occurred following
glutaraldehyde application.

The need for an alternative to formocresol as a

pulpotomy agent in primary teeth arises from con-
cern about formocresol’s clinical effectiveness,1-3 lo-
cal effects, 4-6 systemic absorption,7,8 and systemic
toxicity. 9,1° Glutaraldehyde has been suggested as a
potential pulpotomy agent.~1,~2 Glutaraldehyde is a
bifunctional reagent and is a standard fixative for
electron microscopy.~3 It is an effective protein cross-
linking agent and therefore a powerful tissue fixa-
tive. ~4-~7 In viv&8 and in vitro studies~9 report glu-
taraldehyde diffuses through tooth structure less
readily than does formocresol. Glutaraldehyde also

has been shown to diffuse readily from zinc oxide-
eugenol cement.2° Animal studies suggest glutaral-
dehyde is more active in fixing surface pulp tissue
and diffuses less readily through the pulp than does
formocresol. 12 Although limited investigations report
favorable clinical results, 2L22 so little information is
available concerning glutaraldehyde as a pulpotomy
agent in humans that it is currently impossible to
assess its effectiveness. In view of these concerns re-
lating to formocresol and the need to evaluate alter-
native pulpotomy agents, this study was undertaken
to investigate the systemic absorption of glutaralde-
hyde from vital pulpotomy sites.

Methods and Materials

Dogs weighing 20-25 kg were anesthetized with
pentobarbital sodium (30 mg/kg). Polyethylene cath-
eters were placed in the femoral artery for collecting
blood samples and in the femoral vein for the infu-
sion of 5% mannitol to facilitate urine collections. A
Foley catheter~ was placed in the bladder for collec-
tion of timed urine samples. A cuffed endotracheal
tubeb (10 mm ID) was placed and connected via 
one-way expirating valve to a heavy-walled, 120-liter
bag for the collection of all expired air. Pulpotomies
were performed on the 16 maxillary and mandibular
anterior teeth of each animal. Pulpal hemostasis was
obtained with cotton pellets and control samples of
blood, urine, and expired air were obtained. One cot-
ton pellet containing 20~1 of 2.5% ~4C-(1,5) glutaral-

a 12 French -- Inmed Corp: Norcross, GA.
b Curity -- The Kendall Co: Boston, MA.
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dehydec with an activity of 6.25 x IO5 dm/uJ was
placed in each pulpotomy site (specific activity 2.28
mCi/mole). Concetrated stock solutions of glutaral-
dehyde may contain a variety of molecules other than
the glutaraldehyde monomer, and buffered dilute so-
lutions should be kept in cold storage.23 The 14C-
glutaraldehyde (5.0%) was diluted just before use with
an equal volume of 50 mM phosphate buffer to bring
the pH to 7.4 on the day of the experiment. 14C is a
radioactive tracer used for identification and quanti-
fication of the glutaraldehyde absorption and metab-
olism. After 5 min the cotton pellets were removed.
Whole blood samples were collected at 15-min inter-
vals through 90 min. Urine collections were made at
0-30, 30-60, and 60-90 min.

Expired air was bubbled slowly through 2 carbon
dioxide traps connected in series, each containing 50
cc of Hyamine hydroxide.0 Aliquots of these traps
were counted in a liquid scintillation counter.d

The animals were sacrificed and tissue samples re-
moved from the liver, kidney, lung, heart, and dia-
phragm. Bile samples also were collected. These
samples were weighed, homogenized in a Polytrone

at a tissue-to-water ratio of 1:1. Aliquots of the ho-
mogenate were placed in liquid scintillation vials and
decolorized with 30% H2O2 prior to liquid scintilla-
tion counting. All samples were counted repeatedly
until stable counts were obtained. At least 10,000
counts were collected for each sample. Quench cor-
rections were made using external standards and the
data expressed as dpm. Plasma samples were acidi-
fied and purged with N2 to remove all traces of 14CO2.

In separate experiments, several dogs received pul-
potomy treatments consisting of saline, undiluted
formocresol, 2.5% nonradioactive glutaraldehyde (pH
7.4) or 50% nonradioactive glutaraldehyde (pH 3.5).
Five minutes later the cotton pellets containing the
various treatment agents were removed and replaced
with cotton pellets containing 20 u,l of 125I at pH 7.4
at an activity of 1.5 x IO6 cpm/u,l (1 mM). The time
course of the appearance of 125I in plasma was quan-
titated, as was the volume of distribution of iodide,
to permit quantitation of total 125I absorption from
each pulpotomy site. This was done to evaluate the
functional properties of local pulpal circulation be-
neath the pulpotomy treatment.

Autoradiographic specimens were prepared to
grossly localize the 14C-glutaraldehyde within the tooth
and surrounding tissue. The anterior portion of the
mandible was removed from 2 dogs with a high-speed
handpiece. The sections were embedded in methyl

c Custom synthesis — New England Nuclear: Boston, MA.
d Model LS 3801 — Beckman Instruments: Irving, CA.
• Brinkman Instruments: Westbury, NY.
' Gillings-Hamco-Bronwill Scientific Co: Rochester, NY.

methacrylate and sectioned with a thin sectioning
machinef into 150 u,m-thick horizontal and cross sec-
tions. These sections were placed between 2 pieces
of dental x-ray film in a cassette. Two weeks later the
film was processed to localize the 14C-activity.

Results

Figure 1 shows the time course of the appearance
of 14C-activity in the plasma and urine of 5 dogs after
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FIG 1. Time course of the appearance of '"C-activity in plasma
and urine after 14C-glutaraldehyde application to vital pulp
tissue.

\
FIG 2. Longitudinal section through the roots of anterior teeth
treated with 14C-glutaraldehyde as a pulpotomy agent.
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applying radioactive 2.5% glutaraldehyde to each of
16 pulpotomy sites for 5 rain. The mean plasma 14C-
activity level peaked in the plasma at 45 rain, then
began a gradual decline. The urine 14C-activity con-
tinued to increase throughout the experimental pe-
riod, but was always -10 x higher than that of plasma
collected at the same time. The total absorption of
14C-glutaraldehyde in 5 dogs is shown in Table 1. The
systemic absorption was 2.91 + 0.94% (N=5) of the
total applied dose or 9.32 + 3.02~.1 (N = 5)/60 min.

The percentage distribution of absorbed 14C-glu-
taraldehyde excreted in bile, urine, and exhaled as
CO2 is shown in Table 2. Approximately’ 0.6% of the
absorbed dose was found in bile. Urinary excretion
accounted for about 8% of the absorbed dose with
pulmonary excretion accounting for almost 4%. The
urinary and pulmonary excretions of 14C-glutaralde-
hyde were similar to those found with 14C-formal-
dehyde, but the biliary excretion of 14C-glutaraldehyde
was much less than that of 14C-formaldehyde.8

Table 3 shows the ratios of 14C-activity in various
tissues compared to the 60-min plasma values. The
highest T/P ratio for ~4C-glutaraldehyde was 2.21 for
red blood cells. However, most tissues had T/P ratios
that were not statistically different from 1.0 (2 = 1.24
+ 0.39, N = 8) suggesting that 14C-glutaraldehyde,
at the tracer concentrations present in plasma, did
not show high binding capacities. The volume of dis-
tribution of ~4C-glutaraldehyde was 79.4 +__ 9.1% (N
= 5) ~l body weight.

Table 4 shows the level of 125I-activity in plasma
following application of the isotope to formocresol-
or glutaraldehyde-treated pulpotomy sites and to a
normal saline-treated pulpotomy site. Relatively little
125I was absorbed following treatment of the pulpo-
tomy site with either 50% glutaraldehyde or formo-
cresol (19% formaldehyde, 35% cresol). The ~25I-activity
in the plasma was nearly 3 times higher following
12sI application to a pulpotomy site treated with 2.5%
glutaraldehyde compared to a formocresol-treated site.
The 12SI-activity increased nearly 4 times above a for-
mocresol-treated site after application of 125I to a sa-

line-treated pulpotomy site. Applicatio~ of 50%
glutaraldehyde to a pulpotomy site decreased the ab-
sorption of 125I from that site below that seen with
formocresol (Table 4) and almost 5 times compared
to a pulpotomy treated with 2.5% glutaraldehyde.
The site treated with 2.5% glutaraldehyde absorbed
almost as much 125I as pulpotomy sites treated with
isotonic saline (Table 4).

Figure 2 represents a longitudinal section and Fig-
ure 3 a cross section through the roots of anterior
teeth treated with ~4C-gluraraldehyde. Note that the
radioactive material (black) clearly outlined the pulp
canals and roots and was confined essentially to the
pulp canals and roots of the tooth with only traces of
radioactive material visible in the periodontal mem-
brane space and surrounding bone.

Discussion

The results of this study demonstrate that systemic
absorption of glutaraldehyde occurs following 5-min
applications of 2% glutaraldehyde to pulpotomy sites.
The absorption peaked at 45 min after application to
the pulpotomy sites, indicating that absorption con-
tinued for some time after the glutaraldehyde pellets
were removed. This absorption pattern is somewhat
different from that reported in the authors’ previous
work on formocresol wherein the absorption ap-
peared to be quickly self-limiting. 7,8 When formocre-
sol pellets were seale.d in the teeth, the absorption
peaked in 15-30 min and then began to decline. Ap-
parently, a 2% concentration of glutaraldehyde is less
damaging to the microcirculation of the pulp, pro-
ducing a more gradual impairment of the microcir-
culation than does undiluted formocresol. The
appearance of 14C-activity in the urine indicates that
a significant fraction of the absorbed glutaraldehyde
or its metabolites, was freely filterable in the kidney.

The biliary renal and pulmonary excretion of 14C-
activity indicates that a small but significant fraction
of the 14C-glutaraldehyde that was absorbed, subse-
quently was excreted. The actual chemical form of the

TABLE 1. Total Absorption of 14C-Glutaraldehyde

Dog # Absorption (dpm)* % Dose** lallhr***

I 2.70 x 106 1.35 4.32
2 2.87 x 106 1.44 4.59
3 4.05 x 106 2.03 6.48
4 6.70 x 106 3.35 10.72
5 1.28 x 107 6.40 20.48

~ ___ SEM 3.29 x 106 _+ 1.07 x 106 2.91 --- 0.94 9.32 --- 3.02

* Total absorption determined by multiplying peak plasma value by the subsequently deter-
mined volume of distribution of 14C-glutaraldehyde in each dog.

** Dose was 2 x 10~ dpm on 16 pellets containing 20 i~I, 2% 14C-glutaraldehyde.
*** Calculated based on applied concentration of 6.25 x I0 s dpmlp.l.
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TABLE 2. Relative Distribution of
That Was Absorbed

"C-Glutaraldehyde Activity

Excretory Distribution ...

Biliary 3.98 x 105 ± 3.48 x 104(2) dpm 0.60 ± 0.24(2)
Urinary 9.73 x 105 ± 2.87 x 105(2) dpm 8.16 ± 0.40(2)
Pulmonary 4.12 x 105 ± 9.05 x 104(2) dpm 3.60 ± 0.03(2)

Tissue Distribution
Liver
Muscle
Plasma
RBC
Heart
Lung
Spleen
Kidney

Total

2.07
5.53
5.51
1.07
9.46
1.62
1.39
1.30

x
x
X

X

X

X

X

X

105 ±
10" ±
105 ±
106 ±
104 ±
105 ±
104 ±
105 ±

9.54

3.85
1.31
9.65
3.64
1.74
2.95
2.5
2.35

x 106

x
x
X

X

X

X

X

X

104(2)
106(2)
104(2)
105(2)
104(2)
104(2)
103(2)
104(2)

dpm
dpm
dpm
dpm
dpm
dpm
dpm
dpm

dpm

1.82 ±
51.16 ±
4.88 ±

11.81 ±
0.83 ±
1.43 ±
0.12 ±
1.06 ±

85.47 ±

0
2
0
1
0
0
0
0

5,

.08(2)

.31(2)

.26(2)

.60(2)

.03(2)

.06(2)

.05(2)

.03(2)

.09%

TABLE 3. Tissue-to-Plasma 14C-Glutaraldehyde Activity Ratios

Liver
Lung
Muscle
Heart
Spleen
Kidney

cortex
medulla

RBC

T/P*
0.47 ± 0.06(5)
1.51 ± 0.55(5)
1.11 ± 0.79(6)
0.96 ± 0.30(4)
0.52 ± 0.24(4)

1.64 ± 0.12(5)
1.56 ± 0.14(3)
2.21 ± 0.92(2)

*Tissue-to-plasma ratios (T/P) expressed as the activity of 14C-glu-
taraldehyde/gm of tissue or plasma water.

TABLE 4. Systemic Absorption of 125I from Pulpotomy Sites

Pulpotomy Agent
Undiluted formocresol
Isotonic saline
50% glutaraldehyde
2.5% glutaraldehyde

% Dose Absorbed
6.5 ± 4.2(2)

23.9 ± 5.8(2)
3.4(1)

16.4(1)

M.//60 Mm
Absorbed

0.7 ± 0.5(2)
2.5 ± 0.6(2)
0.3(1)
1.6(1)

14C-activity was unknown, although that activity ex-
haled from the lungs was in the form of 14CO2, in-
dicating that at least some of the glutaraldehyde had
been decarboxylated.

The tissue-to-plasma 14C-activity ratios of the var-
ious tissues indicated that, with the exception of
erythrocytes, there was little tissue binding of 14C-
activity. A ratio of 1.0 indicates that the 14C-glutar-
aldehyde activity in plasma and interstitial fluid water
had equilibrated with the tissue cell water and there
was no tissue binding. Ratios less than 1.0 indicate
that the 14C-activity did not equilibrate completely
with the tissue water. Ratios greater than 1.0 indicate
tissue binding since there was more 14C-activity than
could be accounted for by equilibration between

FIG 3. Cross section through the roots of anterior teeth treated
with "C-glutaraldehyde as a pulpotomy agent.

plasma and tissue water. The volume of distribution
of 14C-glutaraldehyde (79.4% of body weight) also
indicates little binding. That is, 14C-glutaraldehyde
did not have a volume of distribution that was much
larger than the total body water of the animals (67%
of body weight). This was in marked contrast to the
volume of distribution of 14C-formaldehyde of 129%
of body weight that was reported previously, a value
about twice that of total body water, and a mean
T/P ratio for 14C-formaldehyde of 2.21.8

The 125I uptake data also suggest that only limited
impairment of the microcirculation occurred follow-
ing the application of 2% glutaraldehyde to the pul-
potomy site compared to the injury resulting from
standard formocresol.7 Although the absolute value
of the absorbed dose of glutaraldehyde is low (2.91
± 0.94%, N = 5) compared to formocresol (7.30 ±
2.37%, N = 2) reported in the previous investigation,
the values are not statistically different (p < O.I).8

The systemic absorptions of glutaraldehyde and for-
mocresol can be compared as pulpal clearance values
(u,l/60 min), to correct for differences in applied con-
centrations (Table 1).

Comparison of the pulpal clearance values indi-
cates that the systemic absorption of 14C-glutaralde-
hyde (9.32 ± 3.02 (xl/hr from Table 1) and 14C-
formaldehyde (11.53 ± 3.52 (xl/hr recalculated from
a previous experiment8) are very similar. The con-
centration of glutaraldehyde used in this study was
only 2.5% or 0.25 M in contrast to the concentration
of formaldehyde (19% or 6.3 M) used in formocresol.
Investigations using higher concentrations of glutar-
aldehyde might show a larger amount of glutaral-
dehyde absorbed systemically.

Conclusions

The results of this study demonstrate that 2.5%
glutaraldehyde is absorbed from vital pulpotomy sites.
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The tissue-to-plasma ratios and the volume of distri~
bufion were lower than those obtained in the pre-
vious experiments with formocresol, indicating that
not only was less glutaraldehyde absorbed but less
of the absorbed glutaraldehyde was bound in the tis-
sues. The autoradiographs indicate that the absorbed
glutaraldehyde was limited largely to the pulp space
with little evidence of glutaraldehyde outside the tooth.
Results of this study alone do not demonstrate that
glutaraldehyde is a satisfactory pulpotomy agent.
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