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Fulpotomies were performed on rhesus monkeys
with use of formocresol to determing il there was
uptake of "C-formaldehyde into the systemic circu-
lation after formocresol pulpotomies. Five-minute
axposure of pulpal tissue to the “C-formocresol re-
sulted in the aystemic absorption of approximately
1% of the dose. Two hours of exposure of pulp tissue
i the "“C-formocresol did not increase the systemic
absorption. Multiple sequential pulpotomiss re-
sulted in proportionately higher systemic absorp-
tign of "C-formaldehyde.

Application of "3l to pulpotomy sites indicated
that formocresol compromises the microcireulaticn
of the dental pulp. Autoradiography disclosed ex-
lensive concentrations of “C-formaldehyde in the
Pulp, dentin, periodontal ligament, and bone.

Because of its apparent clinical success, formo-
cresol is the preferred agent for performing pul-
potomies on deciduous teeth,* Formocresol was
introduced by Buckley in 1904.% In 1923, Sweet
advocated a five-appointment pulpotomy, which
was subsequently modified to a three-appoint-
ment procedure.*®* The one-appointment pulp-
otomy produced equally satisfactory results and
is in common use today.®

Formocresol contains 195% formaldehyde, 35%
cresol, and 15% glycerin in a water base.™® For-
maldehyde produces fixation of tissues and has
strong disinfecting properties.® The tricresol is
empirically included in the preparation to reduce
the irritating properties of formaldehyde B

A high rate of clinical success has been reported
for pulpotomies perfformed on deciduous teeth
with the use of formocresol.**'? Clinical suc-
cess 15 usually considered as the absence of fac-
tors such as pain, fistulas, mobility, and radio-
graphic evidence of pathologic conditions.,

Histologic evaluation of the pulp after pul-
potomies with use of formocresol shows diverse
results, Responses ranging from apparent fixation
of portions of the pulp tissue to areas of inflamma-
tion and necrosis have been reported.® %1318 Re.
sults of studies concerned with the biologic effect
of formocresol on connective tissue indicate that
formocresol is toxic to cells in the immediate area
and interferes with the physiologic activity of sur-
viving cells.'*2*! A reduction in the concentration
of formocresol is accompanied by a reduction in
its cvtotoxic effects, 2021
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Results of in vitro studies have shown that for-
maldehyde and tricresol diffuse through the apical
foramen within minutes after formocresol is
sealed in the root canal.®® If this occurs under in
vivo conditions, chemical irritation to the peri-
apical tissue may occur, Other agents placed on
vital pulp tissue have been shown to pass into the
systemic circulation. ™" There is a lack of infor-
mation concerning the possibility of systemic ab-
sorption of formocresol from a pulpotomy site.
This study was designed to determine if for-
maldehyde enters the systemic circulation during
pulpotomy procedures with use of formocresol,

Materials and methods

Radioactive formocresol was prepared by mixing
250 pCi agueous "“C-formaldehyde {New En-
gland Nuclear) with 0.25 ml of Buckley Formular
Formocresol (King Specialty Co.) and sufficient
Elycerol {10 ) to yield a homogenous solution.
This gives a final activity that approximates 1.5 x
10F dpmvpl (disintegration per minute/) formo-
cresol. The "C is a radioactive tracer used for
identification and quantification of formaldehyde:
it behaves chemically like the formaldehyde in
Buckley's solution.

Five rhesus monkeys (two females and three

males, weighing 2.7 to 4.6 kg) were anesthetized
with phencyclidine hydrochloride, 1,25 mg'kg, in-
tramuscularly, supplemented with urethan, |
gm/'kg, intraperitoncally as needed. Catheters
were placed in the femoral artery for blood sam-
pling and in the femoral vein for intravenous ad-
ministration of fuids as well as for injection of
isotopes as a bolus. A catheter was passed
through the urethra into the bladder for timesd
urine collections.

Unless otherwise stated, pulpotomics were
performed on deciduous and permanent molars
isolated with a rubber dam. A cotton pellet con-
taining 10 or 20 ul “*C-formocresol was placed
within the pulp chambers for five minutes, re-
moved, and the teeth were filled with zinc oxide
and eugenol cement. In one experiment, the pellet
containing the radioactive agent was sealed in the
tooth throughout the duration of the sampling.
Multiple pulpotomies were performed on bao
animals at 30-minute intervals. Blood samples (2
ml) were collected in heparinized syringes before
the initial pulpotomy and then at 15-minute inter-
vals thereafier. Urine samples were collected for
timed 30-minute periods and the bladder was
evacuated at the end of each period.

Whole blood was spun at 2,000 g for ten min-
ules to separate the formed eclements from
plasma. Aliquots of urine or Plasma (1 ml) were
added to 15 ml of a liquid scintillation cocktail and
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counted in a Packard Liguid Scintillation Counter
(Model 3320}, Absolute dpm was measured by
internal standardization and all samples were
counted to 10,000 counts.

Plasma proteins from one monkey were sub-
jected to polvacrylamide gel electrophoresis to
determine if radicactivity of the blood was as-
sociated with any particular plasma fraction ®*
After they were stained, the gels were scanned,
sectioned, and counted in a Beckman LS 330
Scintillation Counter using Bray's solution.

To grossly localize the formocresol within the
pulp and surrpunding tissue, a portion of one
mandible containing two molars that had been
treated with formocresol pulpotomies was ex-
cised with use of a high-speed dental handpiece.
The bone and teeth were embedded in methyl
methacrylate and sectioned with a dental disk.
These sections were placed between two layvers of
dental film for two weeks to localize the radioac-
tivity before the film was developed.

MC-formaldehyde used to estimate volumes of
distribution was prepared by dissolving 250 uCi
(0.1 ml) in L0 ml isotonic saline solution. The
theoretical basis behind this volume of distribu-
tion technique has been discussed elsewhere.®®
After measuring absorption of "“C-formocresol
from pulpotomy sites, sufficient '*C-formal-
dehyde was injected intravenously as a bolus
to raise the level in the blood 100 times higher
than that achieved through absorption during
the pulpotomy. Samples of plasma were ob-
tained at 0, 5, 15, 30, 60, 90, and 120 minutes after
injection of the bolus to permit estimation of the
kinetics of isotope dilution, With use of a
semilogarithmic plot of the change of the concen-
tration of *C-formaldehyde in plasma, (dpm/ml
of plasma) in comparison to time, the &60-, 90-, and
120-minute concentrations were extrapolated
back to zero time to obtain an estimate of the
vilume of disiribution of "“C-formaldehyde. This
was calculated as follows: volume = quantity
(dpm) injected — quantity (dpm) excreted in urine
divided by zero time concentration (dpm/ml).
This volume is expressed as a percentage of ani-
mal body weight.

The total amount of "“C-formocresol absorbed
from the pulpotomy site was calculated as fol-
lows: total absorption = (dpm/ml plasma) = (vol-
ume of distribution) + amount excreted in urine
during that time.

Absorption was expressed in two ways. Ini-
tially, total absorption was expressed as a per-
centage of the total dose placed on the cotton

pellet. A second method involved dividing the
total dpm absorbed at a given time by the activity
of "*C-formocresol on the pellet (1.5 10f dpmypl)
to obtain a fractional absorption value that repre-
sents the volume of formaldehyde absorbed per
unit of time.

After completing the studies on the volume of
distribution, a fresh pulpotomy was performed in
a maxillary permanent molar and the pulp stumps
were treated with Buckley's formocresol for five
minutes. Immediately after removal of the cotton
pellet containing the formocresol, a new cotton
pellet containing 10 wl of *#* Nal (1 mM Nal in
Krebs-Ringer phosphate) buffer was sealed in the
pulp chamber with zine oxide and eugenol cement
to determine whether the microcirculation was
capable of absorption after it was exposed to for-
mocresol, Blood samples (2 ml) were drawn inbo
heparinized syringes at (0, 5, 15, 30, 60, 90, and 120
minutes after introducing the ***[ tracer solution.
The plasma was separated as before and 1 ml of
plasma was counted in-a gamma well counter,
which does not detect residual YC-activity. After
collecting the 120-minute blood sample, another
pulpotomy was performed on the contralateral
maxillary first permanent molar to serve as a
nonformocresol-treated control. After controlling
hemorrhage with direct pressure, a colton pellet
containing 10 ul of 'Y was placed and blood
samples were collected as previously described
for identical processing.

Results

w Plasma levels of ""Coformaldehyde: Figure |
shows the time course of the appearance of **C-
formaldehyde in the plasma of five monkeys
(M1-5) after applying radicactive formocresol
during pulpotomy procedures, The lines desig-
nated M1 and M2 represent data obtained from a
single five-minute exposure to “C-formocrasol in
two animals. The line designated M3 shows the
change in plasma "C activity in a third monkey in
which the "“C-formocresol pellet was sealed in-
side the pulp chamber. Mote the similarity of the
absorption curves for these three monkeys,
whether the pellets were lefl in situ or Were re-
moved after five minutes.

Multiple pulpotomies were performed on two
of the animals represented in Figure 1. The pellets
cottaining radioactive formocresol were lefl in
place for only five minutes in each case. In M35,
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four successive pulpotomies led to progressively
higher concentrations of "*C-formaldehyde in
plasma. The three successive pulpotomies per-
formed on M4 vielded the highest levels of "'C in
the blood.

In the electrophoresis of plasma proteins, no
radioactivity could be ientified with any particu-
lar plasma fraction. This was probably due to the
large dilution of radioisotope and the small sample
taken for electrophoresis.

s Urinary excretion of “C-formaldehyde: Fig-
ure 2 plots the urinary excretion—{concentri-
tion of “*C-formocresol) = (rate of flow of urine)
—aof "“C-formaldehvde as a function of time.
Mote the gradual increase in the amount of ''C-
formaldehyde excreted during each 30-minute
period in M1 and M2, each of which underwent
only one pulpotomy. The much higher rates no-
ticed for M4 and M5 reflect the multiple pulp-
otomies performed in succession and in corre-
lation with the higher concentrations of plasma
as shown in Figure 1.

s Levels of Y™ in plasma after application 1o
pulpotomy  sites: Concentrations of '3'1 in
plasma after application of the isotope (o
formocresol-treated and nontreated pulpotomy
sites are shown in Figure 3. Little **'1 was ab-
sorbed into the circulation in M4 and M3 up to 120
minutes after treatment. Similar data were ob-
tained whether the "1 was placed on the pulp
tissue either five minutes or two hours after
treatment with formocresol. At the end of 120
minutes, fresh pulpotomies were performed on
contralateral teeth with no application of formo-
cresol, but the same quantities of ***[ were placed
in the pulp chambers. The absence of pretreat-
ment with formocresol allowed larger rates of ab-
sorption of '] into the circulation during the nex
120 minutes as reflected by the higher radioac-
tivities in plasma shown in Figure 3,

a Volumes af distribution and total abserption af
isotopes: The average volume of distribution of
¢ formaldehyde in five monkeys was 144=
14.1% of body weight (Table 1). The volume of
distribution of '*'1 in three monkeys was 61.3
+ 1.0% of body weight.

Total absorption of "*C-formaldehyde in five
monkeys is shown in Table 2. InM1, M2, and M3
the peak of absorption occurred 30 minutes after
the single exposure to **C-formaldehyde and ac-
counted for 1% of the dose (20 gl containing
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ix%10° dpm) on the cotton pellets. When ex-
pressed in microliters (ul). this represents 0.2 to
0.27 ul formaldehyde. In M4, in which three pul-
potomies were performed at 0. 30, and 60 minutes
{10 glipulpotomy), the total absorption increased
with each pulpotomy procedure. When expressed
as a percentage of the cumulative dose, absorp-
pion was only moderately higher than that seen in
MI. M2, and M3. However, the absorption was
approximately four times higher than it was in
I, M2, and M3 when expressed in microliters.

Because it is well known that formaldehyde is
a toxic substance that binds (o and fixes proteins,
a second radioactive tracer, "], was used as a
control. The tofal absorption of '] from pul-
potomy sites is shown in Table 3. The total ab-
sorpiion of "' was generally higher (compare
Tables 2 and 3) than that of YC-formocresol (up to
54% of the dose in comparizon to 4% of the dose).
Pretreatment of pulp tissue with formocresol sub-
stantially lowered absorption of "' from pul-
potomy sites (Table 3}, REatios of radicactivity in
plasma were in the range of 5 to 1 in favor of the
nonireated pulpotomies,

w Autoradiography of teeth treated with formo-
cresel: Sections of two teeth that had been em-
bedded in methyl methacrylate after treatment
with "C-formocresol are shown in Figures 4 and
i, The top portion of each figure represents an
autoradiogram, which was prepared by exposing
the section (bottom portion) o X-ray film for two
weeks, Figure 4 represents a section of the teeth
at or just apical to the bifurcation of the roots.
Maote that the radicactive material 1% not confined
o the pulp canals, but is alzo prominently located
within the spaces of the periodontal membrane.
The "“C-formaldehyde is randomly distributed
throughout the entire osseous surface, but is not
apparent on the acrylic support.

Figure 5 shows a section of the same teeth and
bone near the tips of the roots. The outline of the

Table 3 » Total absorption of “C-formaldahyde.

TOTAL ABS0RPFTION
MREEY TIME Minl AESORAPTION ipmd = BOSE o 1T
1 5 min BT [T oo |
Hmnin TGRS 1.3% oL
& min Hung 105 oa
wmin A58 oo ¥
) Smiln T oo 0Ls
15 v A0 LM o
N mil TR LM 0.3
i LR ] LM o=
& ey TRHT L1F oz
120 min malE o o
] _5 min R an o4
0 i EEE =] L1% o
0 min piett ] L5 035
120 min | SEED [ %] nn
L 15 min 180 Bl La+ wizs
I min &0 15 ¥
45 min e LS L]
imin | xe L] 2% L]
TS min 134T Lw L
W min 15 LR L&
3 L¥min R FA LY [i
Hnin b 5 .8 g
& min ! k] Ln L35
#imin BLH3ES o (]
5 min 1 L1 oW
Wimnin = CIFg L™ 0o,
L&% min Lt (] 0#
L2 min WA .= &

The catian peffet used In Maskey's 1-3 carained 70l C-Farmocresel while Hisse ussd in Wankess 4
andl & eanilaized [0,

“While The stroiute amaust of " 1dam1 alrior b inessiie wilh Suctestho puipsisni in Wanons 4

dnd &IPS dodi did Rl iSCPRASE 35 R0l sEncE the absoluie sbsorption B divided Iy T ioll
cumubal ke dese.

+Thi sl of I:"I: o] fncreased wih each suocesiul puipolomy dus fo the sddRion of refatively
constard dractional sisarprions of sach individual date,

Myers—others: DISTRIBUTION OF “C-FORAMALDEHYDE = 809
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roots and pulp canal are easily observed on the
qutoradiogram. Little radioactivity is distributed
throughout the bone at this level and none is evi-
dent on the acrylic block.

e

Discussion
Results of this study show that systemic absorp-
tion of formaldehyde occurs after the application
of formocresol to a pulpotomy site. The possibil-
ity of systemic absorption of an agent must be
considered before using it (o treat vital pulp tis-
5L

This method provides a direct approach to de-
tecting systemic absorption as well as for quan-
titating the results, The data represented in Figure
| and Table 2 suggest that there is little difference
in total absorption of "*C-formaldehyde, whether

the material is left in the pulp chamber for five .

minutes or for 120 minutes. In both cases, concen-
rrations of radicactivity in plasma peaked at 30
minutes, thus suggesting that absorption is self-
limiting. In other words, there may be a brief but
relatively rapid absorption of "*C-formaldehyde
during the first few minutes, but the contact
causes vessel thrombosis, thereby limiting further
systemic accumulation. Further support for this
hypothesis comes from the experiments with **11.
Only a moderate absorption of "M [ was observed
from formocresol-treated pulpotomy  sites,
whereas large, cumulative absorptions were
found from nontreated sites {compare Tables 2
and 3). These data are consistent with the view
that there is an impaired microcirculation in
formocresol-treated tissue relative to that of
nonformocresol-ireated controls. The damage to
the microcirculation may partially account for the
varying histologic findings that have been re-
ported in the literature. %127 1t may also ac-
count for the observation that a single, five-
minute application produces the same clinical re-
sult as longer or repealed applications, as origi-
nally advocated by Sweet. " To our knowledge,
this report is the first to indicate that the func-
tional properties of microcirculation of the dental
pulp are impaired by treatment with formocresol.

Estimates of total absorption of "C-
formaldehyde or '"'I from pulpotomy sites re-
quirg gquantitation of uninary excretion as well as
the volumes of distribution of these substances.
The fraction of the absorbed dose appearing in
plasma is deceivingly small because the tracer is
diluted, bound, metabolized, or any combination
of the three, Tahle | indicates that the volume of

distribution of "C-formaldehyde averages 144%
of animal body weight, This suggests various pos-
sihilities such as that formaldehyde is bound to
tissues, exhaled as '*C-formaldehyde or '4C-
carbon dioxide, or, more likely, a combination of
the two. The large volume of distribution must be
considered in such studies or the total systemic
absorption will be grossly underestimated. Re-
sults of the studies on the volume of distribution
indicate that distribution of both formaldehyde
and iodine does not achieve a steady state (that is,
monoexponential decay) before 60 minutes.
Thus, the data obtained before then are subject to
uncertainty, The volume of distribution of '*'1 is
also relatively large (617 in Table 1). We are not
aware of any previous reports of the volume of
distribution of this substance in the rhesus mon-
key. Although a volume of distribution of 61%
suggests that ' 1 has equilibrated with total body
water, it does not rule out uptake by other tissues
(thyroid and salivary glands),

We have no direct proof that the C-
radioactivity detected in the plasma and urine was
still in the form of “*C-formaldehyde. Because of
the relatively low blood levels obtained,
chromatographic identification of the activity was
not attempted. This is not a serious criticism be-
cause the detection of radioactivity in any form
indicates "*C-formaldehyde was absorbed sys-
temically from pulpotomy sites. The fact that it
was filtered at the glomerulus and appeared in the
urine would suggest that it was not all protein-
bound.

The clinical significance of the systemic ab-
sorption of these quantities of formaldehyde is not
known. Even small children are much larger than
the monkeys used in this study (that is, they have
much larger volumes of distribution). This factor
might result in proportionately lower concentra-
tions of formaldehyde in plasma. However, the
cross-sectional area of the pulp tissue available
for absorption of the agent is much greater in
humans than in monkeys. This might allow similar
concentrations in plasma to be obtained. The pos-
sibility that a specific tissue binds or concentrates
these agents cannot be precluded without further
study. Other compounds containing for-
maldehyde (such as N2) are in clinical use and
their possible systemic uptake must be consid-
ered. Further research is indicated to determine
the significance of the systemic uptake of this
material.

Although one might expect the absorption of
these tracers to occur through pulpal vessels,
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which exit at the apex of the roots, preliminary
autoradiographic results indicate extensive "C in
the periodontal ligament, dentin, and bone as well
as in the pulp (Fig 4). Whether this finding is due
lo lateral or accessory canals draining into the
pericdontal ligament or to diffusion through the
dentin itself is unknown.

Our assumption that "C-activity, which ap-
pears in plasma from a mixture of C-
formaldehyde and cresol, can be equated with
absorption of the cresol moiety of the mixture
must remain speculative pending further re-
search. It is clear, however, that the technique
used permits convenient, quantitative determina-
tion of the degree of systemic absorption of agents
placed in teeth, This may be useful for future
investigations of the systemic absorption of other
agents used in dental treatment,

Summary

The purpose of this project was to determine
whether there is uptake of "*C-formaldehyde into
the systemic circulation after pulpotomy with
formocresol.

Pulpotomies were performed on deciduous and
permanent molars of five rhesus monkeys with
use of formocresol, which contains “C-form-
aldehyde. The rate at which ""C-formaldehyde
appeared in plasma and urine was observed for
two hours. A five-minute exposure of pulpal
lissue to "“C-formocresol resulted in the sys-
temic absorption of approximately 1% of the
dose placed in the wooth. Two hours of exposure
of pulpal tissue to “C-formocresol did not in-
crease the systemic absorption, Muktiple, sequen-
tial pulpotomies performed on the same animal
resulted in proportionately higher systemic ab-
sorption of ""C-formaldehyde.

1311 applied to formocresol-treated pulpotomy
sites was absorbed at a moderate rate, whereas
1 applied to sites not previously treated with
formocresol resulted in large, fractional, systemic
absorptions, which indicates that formocresol
compromises the microcirculation of the dental
pulp.

Autoradiographic results indicate extensive
concentrations of ‘**C-formaldehyde in the
periodontal ligament, bone, dentin, and pulp.

Results of timed urinalysis disclosed & substan-
tial excretion of "*C-formaldehyde, indicating
that it was filtered at the glomerulus and is not all
protein-bound.
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Further studies are indicated to determine the
significance of the systemic absorption of for-
makdehyde.

This study demonstrates that materials placed
on vital pulp tissue may be absorbed into the
systemic circulation. This fact must be consid-
ered when agents for vital pulp therapy are
selected.

The techniques used in this study permit con-
venient, quantitative determination of the degree
of systemic absoerption of agents placed in teeth.
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With water pure and clean,
And in that washing mannarly
Cbserve and keap a mean,

picking of the teeth:

Pick not thy teeth with thy knyfe

Mar with thy lingars ande

But take a stick, or some clean thyng,
Then doe you not offende.

=X Foley’s Footnotes

For canturies the books on social behasior have given good attention (o oral hygiens, with
emphasis on the iImpressions made on the beholdar by the condition of the testh. In his
Bppke of the Demeanor (16819), Richard West anjained his readers 1o

Keap white thy leeih and wash thy mauih

The Book of Nuriure, comgiled by Hugh Rhodes in 1475, reflects a selactive tolerance foward

in tha Gantal pulp, J Dant Res 45407 March-April 1966,

28. Page, DU0: Trump. G.M.: &nd Schaalfer, L0 Pulpal sfudias
Passage of H:tefracycling irmlo ciroulatory system ihrough rat
molar pulpe. Oral Sung 35:555 Agril 1973,
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28. Halpern, M., ard Rubin, H. Profeing relaased from chick
ambryo fibroblasts in culture. Partial characterization of the pro-
leing. Exp Call Fes 8088 Apeil 1970

29, Auch. T.C., and Patben, HD, (eda) Physioloegy and
Dicohysics. ad 19, Priladalphia, W. B. Saunders, 1865, p 873

The Asfined Courtier, pubished in 1678, offered thase admonitions on table mannears related to
ihe public exhibition of oral hygiens: “Beward of rubbing your teath with your napkin. ., . And in
the sight of gthers donot wash your mouth, or, if you do, Spit not out the wine or water befone tham.
... And whan the cloth (s taken away, it is not decent 1o pull a case of footh-picks out of your
pocket.”

Soma startling lessons in the etiquette of oral hygiene are found in the early 16th-century
(Haladen; or 8 Trehiss (sic) on Poltansess and Daelicacy of Wannars, by Giovanni de la Casa (reprinied
in Baltimare, 1811):

When the table is cleared, to carry about your toothpick in your mouwth, like a bird going
about to build his nest, or to stick it bahind your aar . . . s Ao very genteal custom.

They also are misiaken . . who carry their toothpick cases hanging down from thedr
nacks.

A the age of 15 George Washington wrota a little book of 110 rules governing polite Behavior. 1t
was published in 1942 as George Washington's Rules of Clvility and Decent Behavior, Ona of
George’s Fules was “Cleanse not your teeth with the table cloth, napkin, fork, or knife."

InApgdeton's Journa! of March 7, 1874, there is a combination of editarial comment and couplet
concaming a probdem in atiquatte that still pravails nearly 100 years later: “Here is an easantial
principle of politeness so wedded to sweest varsa that even a child cannot misundarstand or forget
it; ‘Im company your testh to pick, Would make rafined beholders sick.” "

O ol the strongest “hints” in Hinks on Elquente and the Ussges of Sociaty (London, circa
1840} is this gem: "Do not plck your taeth much at table, as, howaver satisfaciory a practice 1o
yoursell, io withess it is not 8 pleasant thing.” But the teothpick still enduras &5 a repulsive devics
in the public display of teath cleaning!
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