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Introduction.

Formocresol is currently the most popular
agent for performing pulpotomies on pri-
mary teeth. Histoiogical evaluation of formo-
cresol-treated pu'~ tissue reveals inflam-
mation and necrosis.4:5:0,8,11-15 Formo.
cresol has been demonstrated to be toxic
to connective tissue.l®18 In pitro, formal-
dehyde will diffuse through the apical
foramen within minutes after placing formo-
cresol in the root canal.l® In spite of these
findings, formocresol remains popular be-
cause of its high incidence of clinical
success.1-®

In a study using Rhesus monkeys, 14C-
formaldehyde was found to be absorbed into
the systemic circulation within minutes
after performing a formocresol pul-
potomy.2® The volume of distribution of
the 14C-formaldehyde was larger than the
volume of the monkeys, suggesting that
either tissue binding or metabolic break-
down of the '4C-formaldehyde occurred .29

The purpose of this study was to deter-
mine the fate of the '#C-formaldehyde
which is absorbed following its application
to pulpotomy sites.

Materials and methods.

Two dogs were anesthetized with pento-
barbital 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 2lso used to measure the glo-
merular filtration rate, A Foley catheter was
placed in the bladder for collection of
timed wurine samples. A cuffed endotra-
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cheal tube was placed and connected vi,
an expiratory valve to a heavy walled {25
liter bag for the collection of all expireq
air. Sixteen maxillary and mandibulsy
anterior teeth were isolated with a rubber
dam and pulpotomies were performed.
After obtaining hemostasis and collect.
ing control samples of blood, urine ang
expired air, cotton pellets containing 10 gy
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 uCi, and in
the second dog, 45 uCi each of 14C-forme-
cresol.®

Whole blood samples were collected at
15, 30, 45 and 60 minutes following com-
pletion of the pulpotomies. Urine collec-
tions 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 !'*C-formaldehyde activity to ob-
tain a T/P ratio. Ratios exceeding 1.0
indicate there was more !4C-activity in
1 ml of tissue water than there was in
1 ml of plasma water.

Plasma and tissue samples were dissolved
in solubilizert at 40°C with gentle ag
itation overnight. Bile and spleen samples
were decolorized with hydrogen peroxide.
All tissues were then dissolved in lgquid ’
scintillation  cocktail.¥  After allowing |
chemiluminescence to decay, all samples
were counted to at least 10,000 countsina |

*New England Nuclear
*NCS, Amersham/Searle
qbAquasol I, New England Nuclear
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packard tiquid scintillation spectrometer,
followed bY repeat counting after the addi-
ton of mtem.ai standards to correct for
+qrisble quenching.

The expired air was bubbl_ed at 100 ml/
min through two gas scrubbing traps each
containing 50 ml of ethanolamine to trap
.arbon dioxide. Aliquots of these solutions
?ﬁe counted in the liquid scintillation
counter and corrected for quenching; then
ie total amounts of 14C.activity in both
traps were determ‘med‘

Plasma and urine samples were analyzed
for creatinine,?! and glomerular filtration
rates  Were calculated from exogenous
creatinine  clearances. The clearances of
tdcformaldehyde and creatinine were
compared to estimate the renal re-absorp-
gon andfor excretion of 1%C-activity.

Results.

Figure 1 shows the !9C-activity time
courses in plasma and urine after placing
14Cabeled formocresol in pulpotomy sites.
The open circles connected by the solid
tine indicate the plasma levels obtained
in the first experiment where 16 pul-
potomies 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 !%C-activities (solid circles
connected by the solid line) were more than

twice as high. Urine !#C-activity (circles
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Fig. 1 -~ Time courses of }%C-activity in plasma
and urine after placing 14C-labeled formocresol on
pulpotomy sites. Brackets indicate = one SEM

fpr duplicate samples of plasma and urine at each
time period.
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connected by dashed lines) generally
parallels plasma activity, indicating that
14C.formaldehyde is filtered at the glo-
merulus. The ratio of formaldehyde clear-
ance to creatinine clearance ranged from
0.20 to 0.26, indicating that 20-26% of
the '4C-formaldehyde activity filtered at the
glomeruli was excreted in the urine.

Figure 2 compares the !4C-activity in
several body fluids at the termination of
Experiment 2. The !4C-activity in cere-
brospinal fluid (CSF) was approximately
one-half the level in plasma. In this experi-
ment, the urine flow rate was relatively
low (=3 ml/min) compared to Experiment
I and, hence, the urmine !4C-activity was
considerably higher than that of plasma,
Bile had the highest 4C-activity, about
twelve times that of plasma.

The ratios of the '4C-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 Cformaldehyde activity in plasma and
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Fig. 2 — 1%C.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 tripli-
cate aliquots.
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TABLE 1
TISSUE-TO-PLASMA '3C.FORMALDEHYDE
ACTIVITY RATIOS OR PLASMA

/P2
Liver 398 £ 0.33 (6)b
Lung 291 £0.09(4)
Muscle 0.82:0.04 (4
Heart 1.77 £ 0.11 (6)
Spleen 1.52 + 6.10 (6)
Kidney 2260103
Outer Cortex 2.12:0.1003)
Inner Cortex 216+ 0.04 (3)
Quter Medulla 2.68:0.03(3
Inner Medulla 327:0.28(3)
Papilla 3.27:0.051)

3Tissue-to-plasma ratios expressed as the activity
of 14C-formaidehyde per gram of tissue or plasma
water,

Numbers in parentheses indicate the number of
individual samples 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 re-
stricted 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 14C-
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 }4C-formaldehyde (T/P >
1), while skeletal muscle does not completely
equilibrate with plasma !#C-activity. Within
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the kidney, there is a progressive increase
in 14Caactivity from cortex to papilla

The percent of the 1“C-formaldehyde'
dose placed in the pulpotomy sites that
was systemically absorbed can be estimateq
by multiplying the terminal (60-min) plasma
activity by the volume of distributigy
of 14C-formaldehyde.2® The latter valye
was defermined, in separate experiments
to be 129% of body weight in dogs, '

In Experiment 1, the dog weighed 23 kg
and, thus, had a volume of distribution of
29,670 ml (Table 2). The terminal plasms
14 C activity was 1913 dpm/ml. The Pro-
duct of these values estimates the tota}
'4C-formaldehyde absorbed systemically,
This value, divided by the total 14C doge
placed in all of the teeth yields the pes.
centage of the dose absorbed. Table 3
indicates that between 5-10% of the 4(.
formaldehyde placed in the pulpotomy sites
was actually absorbed systemically. Much
more remained in the pulp chamber, but
was not absorbed into the systemic circula-
tion,

In the second experiment, we obtained
an independent estimate of systemic absorp-
tion by multiplying the *#C 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 **C-activity. This total figure did not
include the central 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
QUANTITATION OF '4C.FORMALDEHYDE ABSORPTION
i Terminal 14 14 d
Experiment Cdpm C Dose” dpm %D
54} b “oldose
(4 vD Absorbed® Absorbed®
1 1913 29,670 5.68 X 107 5.86 X 108 967
2 4075 19 400 791 X 107 1.60 X 109 493

a _ 14¢ gpm per ml plasma,

b _ Volume of distribution (ml) for !*C-formaldehyde based on previously determined value of 129%

of body weight.
<

- Calculated by multiplying the terminal plasma (‘4(3) by the volume of distribution,

~ 14C dose calculated by multiplying the dpm on each pellet b&/ 16 pellets placed in the teeth.

® . The percent of dose absorbed calculated by dividing the !

100.

C dpm absorbed by the dose applied X
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TABLE 3
RELATIVE DISTRIBUTION OF !4C-
FORMALDEHYDE ACTIVITY THAT WAS

ABSORBED
= %Dose*
giliary .« - - 242 X 108 dpm 3.06
ey
:\rz:etion ...624 X 105 dpm 7.89
ylmonary
f:\cretion L.,209X 108 dpm 264
sssue distribution
Tlss;jiver ... 103X 107 dpm 13.02
Muscle .. 3.75 X 107 dpm 47.40
Plasma . . 246 X 105 dpm 3.11
Heart . .. 0.78 X 10¢ dpm 0.99
Leng... 0.17 X 106 dpm 021
Spleen .. 025 X 10% dpm 0.32
Kidney. . 0.97 X 10% dpm 1.23
Total 6.318 X 107 dpm 80.50%

epercent of absorbed dose as determined by the
volume of distribution of 14¢ formaldehyde multi-
plied by terminal plasma value {7.91 X 107 dpm
shsorbed). See Table 2, Experiment 2.

the volume of distribution method. The
summing method, however, allows one to
e the relative distribution of the !4(C-
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 inter-
esting that some of the !4C-formaldehyde
was metabolized to 14CQO,; (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 14C-formaldehyde in
plasma after pulpotomies suggests rapid
absorption. The fact that the !4C blood
level stabilized after 15-30 minutes could
be interpreted several ways. The plateau
could be due to the fact that Y4C-formal-
dehyde absorption continues at a rate just
equal to the rate at which !4C-formaldehyde
is bound to tissue, excreted in the urine, or
is metabolized to !4CO, and exhaled by
the lungs. Alternatively, the data could mean
that there is a rapid initial absorption of
f‘C-formaldehyde which then disperses into
s 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 excre-
tion rates are relatively low and that they
can not remove 1#C-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.?® In that report,
the plasma levels of !4C-formaldehyde
were similar regardless of whether the
isotope-soaked cotton pellet was left in the
tooth for five minutes or for 120 minutes,
suggesting that the !*C-formaldehyde ab-
sorption 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 five-
minute exposures.

In the present report, the relatively small
contribution of renal (7.89%) and pul-
monary {(2.65%) excretions to the total
amount of !4C-formaldehyde absorbed
(Table 3) lends further support to the
concept that !4C.activity is rapidly ab-
sorbed and rapidly equilibrates with ifs
volume of distribution, However, it is only
slowly excreted, thus maintaining a re-
latively 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 '4C-
formaldehyde relative to that of a sub-
stance that is filtered and excreted but
is neither re-absorbed nor secreted, yields
important information. The “filtration
marker” in this report was exogenous cre-
atinine (plasma level, 10 mg%). The ratio
of '%C-formaldehyde to creatinine clear-
ance ranged from 0.20 to 0.26, which indi-
cates that only 20 to 26% of the **C-formal-
dehyde which is filtered is excreted in
the urine. The remaining 74-80% is either
re-absorbed from the urine and returned to
the blood or is bound by the kidney tissue.
Probably both phenomena occur, since the
tissue to plasma (T/P) ratio of C-formal-
dehyde (Table 1) exceeds unity (indicaling
binding) but the plasma levels remain re-
latively constant over 60 minutes. The
large renal T/P ratio may be due, in part,
to contamination of tissue with urine
which was about six times more con-
centrated than plasma with respect to
14Cformaldehyde.




606 PASHLEY ET AL,

It is of interest that the bile concentra-
tion of '#C-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 bindings.
The fact that the T/P value in lung tissue
{2.91) was the highest observed in non-
glandular tissue suggests that the tissue bind-
ing which follows systemic absorption of
L4 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 1%CO,) demonstrates that !4C-formal-
dehyde can be oxidized (Table 3), although
the rate at which this occurs is relatively
slow, Most standard textbooks of biochemis-
try list numerous reactions involving tetra-
hydrofolic acid which serves as a co-enzyme
in the transfer of one-carbon fragments
during the oxidation of formaldehyde,

The appearance of !*C-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 bar-
rier. Future experimenis should include a
study of the rate at which !4C-formal-
dehyde 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 formal
dehyde absorption, has been validated in
the present report by comparing this value
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 distribu-
tion method. Had bone, skin, brain,
and gastrointestinal tissues been included, an
even closer agreement would have been
possible.
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Conclusions.

This report confirms our previous findj
that !4C-formaldehyde containing form,
cresol is absorbed from pulpotomy Sites
and appears in body fluids, The evidence
indicates that some 14C-formaldehyge ;
metabolized to !4CO,, although this ,:
presents a very small fraction of the total
dose absorbed systemically. Tissue bindjy
accounts for most of the systemic abso,
tion. Tissue binding is highest in the live;
and lowest in skeletal muscle. The high
amount of '#C-activity in bile correlates
with the high liver tissue/plasma valyeg
and demonstrates formaldehyde concentry.
tion by the biliary system. The relatively
high tissue/plasma values in the Kidney
also correlates with the !4C-renal clegr.
ance data which indicates re-absorption
of filtered formaldehyde.

It is important to emphasize that the
quantities of !#C-formaldehyde absorbeg
are small. These results, in themselves,
do not contra-indicate the use of forme.
cresol. They do demonstrate, however,
that formocresol is absorbed and distr.
buted rapidly and widely throughout the
body within minutes of being placed on
a pulpotomy site.
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