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Introduction.
Formocresol is currently the most popular
agent for performing pulpotomies on primary teeth. HistOl'3gical evaluation offonnocresol-treated pu'.... tissue reveals inflammation and necrosis. 4 ,5,6,8,11.1S Formocresol has been demonstrated to be toxic
to connective tissue. 16 •18 In vitro, formaldehyde will diffuse through the apical
foramen within minutes after placing formocresol in the root canal. 19 In spite of these
findings, formocresol remains popular because of its high incidence of clinical
success.l ·9
In a study using Rhesus monkeys, 14C_
formaldehyde was found to be absorbed into
the systemic circulation within minutes
after performing a formocresol pulpotomy.20 The volume of distribution of
the 14C-formaldehyde was larger than the
volume of the monkeys, suggesting that
either tissue binding or metabolic breakdown of the 14C-formaldehyde occurred. 20
The purpose of this study was to determine the fate of the 14C-formaldehyde
which is absorbed following its application
to pulpotomy sites.

Materials and methods.
Two dogs were anesthetized with pentobarbital sodium, 30 mg/kg. Polyethylene
catheters were placed in the femoral
artery and vein for collecting blood samples
and for the infusion of 5% mannitol and
creatinine to facilitate urine collections.
They were also used to measure the glomerular filtration rate. A Foley catheter was
placed in the bladder for collection of
timed urine samples. A cuffed endotraReceived for publication February 20, 1979.
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cheal tube was placed and connected \'ia
an expiratory valve to a heavy walled 120
liter bag for the collection of all expired
air. Sixteen maxillary and mandibUlar
anterior teeth were isolated with a rubber
dam and pulpotomies were performed.
After obtaining hemostasis and collecting control samples of blood, urine and
expired air, cotton pellets containing 10/.11
each of Buckley's formocresol were placed
in the pulpotomy sites for five minutes
and then removed. The cotton pellets placed
in the first dog contained 17 J.l.Ci, and in
the second dog, 45 J.l.Ci each of 14 C·formocresol. •
Whole blood samples were collected at
15, 30, 4S and 60 minutes following com·
pletion of the pulpotomies. Urine collections were made from 0-20, 20-40 and 40-60
minutes. All expired air was collected
continuously from 0-60 minutes. At 60
minutes, the dogs were sacrificed. Tissue
samples were removed from the lung,
liver, spleen, skeletal muscle, heart and
kidney. Cerebrospinal fluid and bile
samples were also collected. All tissues and
body fluid values were divided by the
plasma 14C-formaldehyde activity to ob·
tain a T /P ratio. Ratios exceeding 1.0
indicate there was more 1 4 C-activity in
I ml of tissue water than there was in
I ml of plasma water.
Plasma and tissue samples were dissolved
in solubilizer+ at 40°C with gentle ago
itation overnight. Bile and spleen samples
were decolorized with hydrogen peroxide.
All tissues were then dissolved in liquid
After allowing
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Results.
Figure I shows the 14C-activity time
courses in plasma and urine after placing
14C-labeled formocresol in pulpotomy sites.
The open circles connected by the solid
line indicate the plasma levels obtained
in the first experiment where 16 pulpotomies were performed on the anterior
teeth of a 23 kg dog. The plasma activity
plateaued after 30 minutes. In the second
experiment, using 2.6 times as much isotope
in the same number of sites but in a 15 kg
dog, plasma 14C-activities (solid circles
connected by the solid line) were more than
twice as high. Urine 14C-activity (circles

14C.formaldehyde is filtered at the glomerulus. The ratio of formaldehyde clearance to creatinine clearance ranged from
0.20 to 0.26, indicating that 20-26% of
the 14C-formaldehyde activity filtered at the
glomeruli was excreted in the urine.
Figure 2 compares the 14C-activity in
several body fluids at the termination of
Experiment 2. The 14C-activity in cerebrospinal fluid (CSF) was approximately
one-half the level in plasma. In this experiment, the urine flow rate was relatively
low (;;;;r ml/min) compared to Experiment
I and, hence, the urine 14C-activity was
considerably higher than that of plasma.
Bile had the highest 1 4 C-activity, about
twelve times that of plasma.
The ratios of the 14C-activities in various
tissues compared to the 60-minute plasma
values are listed in Table 1. All activities
have been corrected for variable quenching
and are expressed as dpm per ml of tissue
water. A ratio of 1.0 indicates that the
14 C-formaldehyde activity in plasma and
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Fig. 1 - Time courses of 14C-activity in plasma
and urine after placing 14C-labeled formocresol on
pulpotomy sites. Brackets indicate ± one SEM
for duplicate samples of plasma and urine at each
lime period.
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Fig. 2 - 14c.activity in various body fluids.
Sixty minutes after performing the pulpotomies
in the second experiment, the dog was sacrificed
and the indicated body fluids sampled. Brackets
indicate one standard error of the mean for triplicate aliquots.
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TABLE 1
TISSUEcTO-PLASMA 14C-FORMALDEHYDE
ACTIVITY RATIOS OR PLASMA

T/pa
Liver
Lung
Muscle
Heart
Spleen
Kidney
Outer Cortex
Inner Cortex
Outer Medulla
Inner Medulla
Papilla

3.98 ± 0.33
2.91 ± 0.09 (4)
0.82 0.04 (4)
1.77 ± 0.11 (6)
1.52 ± 0.10 (6)
2.26 ± 0_10 (3)
2.12 ± 0.10 (3)
2.16 ± 0.04 (3)
2.68 ± 0.03 (3)
3.27 ± 0.28 (3)
3.27 ± 0.05 (2)

aTissue-to-plasma ratios expressed as the activity
of l4C-formaldehyde per gram of tissue or plasma
water.
bNumbers in parentheses indicate the number of
individual sam pies analyzed. The indicated values
represent the mean ± one standard error of the
mean.

interstitial fluid water has equilibrated with
that tissue's cell water and that there is
no tissue binding. Ratios less than 1.0
indicate that the 14C-activity was restricted from equilibrating completely with
all of the tissue water. Ratios greater than
1.0 indicate a concentrating mechanism
or tissue binding since there is more 1 4C_
activity in the tissue than can be accounted
for by equilibration between plasma and
tissue water.
It is evident that liver, lung, heart, spleen,
and kidney bind 14 C-formaldehyde (TIP>
I), while skeletal muscle does not completely
equilibrate with plasma HC-activity. Within

the kidney, there is a progressive increase
in 14 C-activity from cortex to papilla
The perce~t of the 14 C-formaldehYd~
dose place~ m the pulpotomy sites that
was systemIcally absorbed can be estimated
by multiplying the terminal (60-min) plasma
activity by the volume of distribution
of 14C-formaldehyde. 2 0 The latter value
was determined, in separate experiments
to be 129% of body weight in dogs.
'
In Experiment I, the dog weighed 23 kg
and, thus, had a volume of distribution of
29,670 ml (Table 2). The terminal plasma
14C-activity was 19 I 3 dpmjmL The product of these values estimates the total
14C-formaldehyde absorbed systemically.
This value, divided by the total l4C dose
placed in all of the teeth yields the percentage of the dose absorbed. Table 2
indicates that between 5-10% of the 14C.
formaldehyde placed in the pulpotomy sites
was actually absorbed systemically. Much
more remained in the pulp chamber, but
was not absorbed into the systemic circulation.
In the second experiment, we obtained
an independent estimate of systemic absorption by multiplying the 14C concentration
in each tissue sampled by the total water
volume of that tissue or fluid (as listed
in standard handbooks). These 14C-activities
were then added together along with biliary,
urinary, and pulmonary excretions to obtain
a total 14C-activity. This total figure did not
include the centra! nervous system, skin,
bone or the GI tract and, hence, the value
underestimated total absorption.
Table 3 gives these data which total 80%
of the systemic absorption as determined by

TABLE 2
QUANTlTATION OF 14 C-FORMALDEHYDE ABSORPTION

1
2

1913
4075

29,670
19,400

5.68 X 10 7
7.91 X 10 7

5.86 X 10 8
1.60 X 109

9.67
4.93

a 14 C dpm per ml plasma.
b _ Volume of distribution (m!) for 14C-formaldehyde based on previously determined value of 129%
of body weight.
C _ Calculated by multiplying the terminal plasma (14C) by the volume of distribution.
d 14 C dose calculated by multiplying the dpm on each pellet by 16 pellets placed in the teeth.
e
The percent of dose absorbed calculated by dividing the 14 C dpm absorbed by the dose applied X
100.
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TABLE 3
RELATIVE DISTRIBUTION OF 14C_
fOR~lALDEHYDE ACTIVITY THAT WAS
ABSORBED

%Dose*
I!iliary .....
l'rinary
6
t\cretio n ... 6.24 X 10 dpm

rubnonary
6
t\cr etion ... 2.09 X 10 dpm
Tissue distribution
Liver ... 1.03 X 10 7 dpm
~Iuscle .. 3.75 X 10~ dpm
Plasma .. 2.46 X 10 dpm
Heart .. 0.78 X 106 dpm
Lung: .. 0.17 X 10 6 dpm
Sple~n .. 0.25 X 106 dpm
Kidney .. 0.97 X 106 dpm

Total
'Percent

6.318 X 107 dpm

3.06

7.89
2.64

13.02
47.40

3.11
0.99
0.21
0.32
1.23

80.50%

absorbed dose as determined by the

,olume of distribution of J 4C_formaldehyde multi-

plied by terminal plasma value (7.91 X 10 7 dpm
lbsorbed). See Table 2, Experiment 2.

the volume of distribution method. The
summing method, however, allows one to
see the relative distribution of the 14C_
activity in the body. That the two methods
agree rather well lends support to their
use for quantitating systemic absorption
of substances from teeth. While it is interesting that some of the 14C-formaldehyde
was metabolized to 1 4C0 2 (pulmonary
excretion), it accounted for only 2.6%
of the total systemic absorption.

Discussion.
The shape of the curve describing the
rate of appearance of 14 C-formaldehyde in

,BSORPTION

14C Dosed dpm

5.86 X 10 8
1.60 X 109

%Dose
Absorbed"
9.67
4.93

"viously determined value of 129%
of distribution.
pellets placed in the teeth.
'm absorbed by the dose applied X

Ie

plasma after pulpotomies suggests rapid
absorption. The fact that the 14C blood
level stabilized after 15·30 minutes could
be interpreted several ways. The plateau
could be due to the fact that J 4C-formaldehyde absorption continues at a rate just
equal to the rate at which 14C-formaldehyde
is bound to tissue, excreted in the urine, or
is metabolized to 14C02 and exhaled by
the lungs. Alternatively, the data could mean
that there is a rapid initial absorption of
14e-formaldehyde which then disperses into
its volume of distribution, including tissue
binding, and that this all occurs within
the first 15-30 minutes. This interpretation
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suggests that renal and pulmonary excretion rates are relatively low and that they
can not remove 14C-activity from the body
fast enough to begin to lower plasma levels
in a 60-minute experiment. Work previously
reported from our laboratory supports the
latter interpretation. 2 0 In that report,
the plasma levels of 14C-formaldehyde
were similar regardless of whether the
isotope-soaked cotton pellet was Jeft in the
tooth for five minutes or for 120 minutes,
suggesting that the 14C-formaldehyde absorption had ceased within five minutes.
Further evidence in support of that concept
came from comparing rates of radioactive
iodide absorption from pulpotomy sites
before and after treatment of such sites with
formocresol. Formocresol compromised the
micro-circulation such that absorption of
iodide was greatly reduced after only fiveminute exposures.
In the present report, the relatively small
contribution of renal (7.89%) and pulmonary (2.65%) excretions to the total
amount of 1 4 C-formaldehyde absorbed
(Table 3) lends further support to the
concept that 14C-activity is rapidly absorbed and rapidly equilibrates with its
volume of distribution. However, it is only
slowly excreted, thus maintaining a relatively high blood level. In this regard,
it should be noted that 14C-formaldehyde
is filtered at the glomerulus and appears
in the urine. The renal clearance of 14 Cformaldehyde relative to that of a substance that is filtered and excreted but
is neither re-absorbed nor secreted, yields
important information. The "filtration
marker" in this report was exogenous creatinine (plasma level, 10 mg%). The ratio
of 14 C-formaldehyde to creatinine clearance ranged from 0.20 to 0.26, which indicates that only 20 to 26% of the 14 C-formaldehyde which is filtered is excreted in
the urine. The remaining 74-80% is either
fe-absorbed from the urine and returned to
the blood or is bound by the kidne), ·tissue.
Probably both phenomena occur, since the
tissue to plasma (TIP) ratio of 14C-formaldehyde (Table I) exceeds unity (indicating
binding) but the plasma levels remain relatively constant over 60 minutes. The
large renal TIP ratio may be due, in part,
to contamination of tissue with urine
which was about six times more concentrated than plasma with respect to
14C-formaldehyde.
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It is of in terest that the bile concentration of 14C-formaldehyde was about twelve
times that of plasma (Fig. 2). This may,
in part, account for the fact that the
liver showed the highest T /p value (3.98)
of all of the tissues examined (Table 1).
The use of T/P data to establish tissue
binding is more easily interpretable in lung,
spleen, heart, or skeletal muscle (Table 1),
since these tissues are not glandular. In
these tissues, T /P values greater than 1.0
(lung, heart, spleen) suggest bind}.ngs.
The fact that the T/P value in lung tIssue
(2.91) was the highest observed in nonglandular tissue suggests that the tissue binding which follows systemic absorption of
1 4C-formaldehyde is quite modest. Although
skeletal muscle showed the lowest T/P value,
the large mass of skeletal muscle (40% of
body weight) accounts for 47.4% of the
total absorbed dose (Table 3).
The observation that 2.65% of the
absorbed dose was excreted via the lungs
(as 14C0 2 ) demonstrates that 14C-formaldehyde can be oxidized (Table 3), although
the rate at which this occurs is relatively
slow. Most standard textbooks of biochemistry list numerous reactions involving tetrahydrofolic acid which serves as a co-enzyme
in the transfer of one-carbon fragments
during the oxidation of formaldehyde.
The appearance of 14C-formaldehyde in
cerebrospinal fluid (CSF) was unexpected.
The concentration in CSF was nearly half
that of plasma, which suggests that
formaldehyde crosses the blood-brain barrier. Future experiments should include a
study of the rate at which 14 C-formaldehyde appears in CSF, as well as the T /p
levels achieved in different parts of the
brain.
The use of the volume of formaldehyde
distribution, multiplied by the terminal
plasma value to calculate total form al'<iehyde absorption, has been validated in
the present report by comparing thisval~e
to the sum of values directly measured in
individual organs (Table 3). The data in
Table 3 account for 80% of that estimated
indirectly using the volume of distribution method. Had bone, skin, brain,
and gastrointestinal tissues been included, an
even closer agreement would have been
possible.
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Conclusions.
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