cycle was repeated (cycle No. 2) on the
same sample. The irreversible change
which resulted from the first treatment
apparently lowered the glass transition
temperature about 100°C. Cooling and
repeating the cycle (Nos. 3 and 4)
caused the glass transition tempera-
ture to rise somewhat. At the end of
cycle number 4, the temperature was
held at 460°C for 15 hours. The ther-
moset nature of the product is apparent
from the next treatment (cycle No. 5).
The sample was then cooled to 400°C,
held at 400°C for 15 hours, cooled to
100°C, so that cycle No. 6 demonstrates
the effect of further cross-linking.

Analysis in terms of the relative-
rigidity and damping-index parameters
provides a picture of the overall molec-
ular changes which occur. The change
from thermoplastic polymer to thermo-
set resin at about 450°C occurs with
an intermediate process, possibly inde-
pendent of the cross-linking, in which
the thermoplastic backbone of the poly-
mer is made flexible. Parallel analysis
by infrared spectroscopy demonstrated
that during a treatment represented by
the first curve, the nature of the bonding
of the hydrogen atom which is linked
to nitrogen in the imidazole ring is
altered drastically. Reduction of hydro-
gen bonding could account for the ini-
tial increase in mechanical flexibility.
Subsequent chemical changes which ac-
company the cross-linking process are
much less obvious. Cross-linking in the
polybenzimidazole is accompanied by
increasing rigidity in the rubbery re-
gion, a progressive increase in the glass
transition temperature, and decreased
damping in the thermosetting rubber
(5).

J. K. GILLHAM

American Cyanamid Company,
Stamford Laboratories,
Stamford, Connecticut

References and Notes

1. H. Vogel and C. S. Marvel, J. Polymer Sci.
154, 511 (1961).

2. A. F. Lewis and J. K. Gillham, J. Appl.
Polymer Sci. 6, 422 (1962); , abstract
of paper presented at the meeting of the
American Chemical Society in Washington,
D.C. (March 1962), preprint issued by the
Polymer Division, p. 332; J. K. Gillham and
A. F. Lewis, Nature 195, 1199 (1962).

3. A. F. Lewis and J. K. Gillham, abstract of
paper presented at the meeting of the Amer-
ican Chemical Society, Atlantic City, N.J.
(Sept. 1962), preprint issued by the Organic
Coatings and Plastics Chemistry Division.

4. The polybenzimidazole was supplied by Dr.
G. F. L. Ehlers of the Aeronautical Systems
Development Laboratories, Dayton, Ohio.

5. 1 am indebted to Armand F. Lewis for an
analysis of the method for estimating the
damping characteristics and to Norman B.
Colthup for advice on the interpretation of the
infrared analyses.

4 January 1963
8 FEBRUARY 1963

Observation of Internal Structures of Teeth by Ultrasonography

Abstract. Preliminary experiments with high-resolution intensity-modulated
ultrasonography techniques developed for ophthalmological diagnosis have dem-
onstrated that at a frequency of 15 megacycles per second some internal struc-
tures can be seen in vital teeth. A relationship between time, tooth vitality, and

ultrasonic viewing was observed.

Some aspects of diagnostic ultra-
sonography warrant emphasis here. The
intensity of ultrasound used in diag-
nostic ultrasonography has been shown
to have no immediate, delayed, or
cumulative injurious effect on tissue
(1). Ultrasonography yields cross-sec-
tional views without the superimposi-
tion of structure characteristic of x-
rays. The observed increase in ultra-
sonic absorption with loss of tooth
vitality forms the basis for a sensitive
method of measuring viability.

Fifty pilot dental studies were made,
with ultrasound provided by the Gen-
eral Precision Laboratories’ ophthalmic
ultrasonoscope, designed by Baum and
Greenwood (2). Results of two of these
studies are shown in Fig. 1. These
demonstrate that internal viewing of

1/2-mm section under examination

2 contilevered from 3

labial face of gold pontic

pulp chambers

BN,

fabial face of porcelain ponti
“solder joint

Fig. 1.

tooth structure has been accomplished,
although not with the desired clarity.

Studies were then made of freshly
extracted teeth and of teeth extracted
112 hours, 3 hours, and 5 weeks prior
to the study. It was observed that as
the time after extraction increased, the
clarity with which the internal structure
was revealed decreased. The internal
structure of teeth extracted more than
3 hours prior to the study could not be
seen. It appears that a relationship
exists between the vitality of the tooth
and the degree to which the internal
structure is revealed by ultrasonog-
raphy.

In the pilot studies frequencies of
15 Mcy/sec were used (Fig. 1). It
may be observed that the resolution
is not sufficient for differentiation of

|/2-mm section under examination

pulp chambers

%

tentatively identified as pulpal horns

= ¥

Cross-sectional views obtained with ultrasound, and explanatory schematic

drawings. The pulp chambers of the teeth do not appear in the correct anatomical
positions because the ultrasonic energy is not normal to the tooth. The resultant echo
is transposed away from the proper position. This is a result of using ophthalmological

equipment for dental work.
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the enamel-dentine interface, but the
saline-enamel interface and the dentine-
pulp interface can be seen. There is
a fuzziness of the interproximal areas.
With better resolution it should be
possible to detect caries in the very
earliest stages.
In order to improve the resolution,
a higher ultrasonic frequency is re-
quired. It may be necessary to utilize
frequencies in the 30 Mcy/sec region
or higher. Although the coefficient of
absorption of sound is high at 15
Mcy/sec, and doubles at 30 Mcy/sec,
the latter frequency may be required,
for the reason given. Since the carious
process produces alterations in tissue,
an acoustic interface is established.
Ultrasound is capable of revealing dif-
ferences in acoustic impedance of from
0.4 percent at —40 db to 0.004 per-
cent at —80 db (3).
GILBERT BauM
Bronx Veterans Administration
Hospital, New York
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Glucosides of Coumarinic and
o-Coumaric Acids in the Tonka Bean

Abstract. The f-glucosides of cou-
marinic and o-coumaric acids were de-
tected in extracts of cotyledons, exo-
carps, and seedling leaves of the tonka
bean. The existence of these compounds
and the presence of a f-glucosidase
having specificity for coumarinyl glu-
coside suggest that the tonka bean syn-
thesizes coumarin by a pathway similar
to the one found in sweetclover.

Seeds of the tonka bean (Dipteryx
odorata Willd.) are recognized as a rich
source of coumarin (/). In 1940 Lutz-

mann (2) studied seeds of this species

to determine whether coumarin occurs
in nature as the S-glucoside of cou-
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Table 1. Contents of coumarinic and o-coumaric acids in various tissues of the tonka bean.

Range in content (% of dry wt.)

No. of
Tissue extracts Coumarinic acid o0-Coumaric acid
analyzed
Free* Bound Free Bound
Immature fruit
Exocarp 2 0.01 to 0.02 0.01 to 0.10 0 0.39to 0.44
Cotyledon 4 1.12 to 8.99 0 to4.00 0 0 t00.17
Mature fruit
Cotyledon 5 0.62 to 6.15 0.06 to 6.79 0 0.11t0 0.23
Seedling leaves
Firstt 2 0.11 to 0.17 2.10 to 2.80 0 2.14 to 2.25
Thirdf 2 0.15t0 0.28 2.12 t0 2.23 0 0.45 to 0.65
Fiftht 1 0.27 0.81 0 0.15

* The lactone, coumarin, rather than the free acid, was actually present in the tissue extracts.
7 First, third, and fifth leaves above the cotyledons were sampled as the respective leaves reached

the fully unfolded stage.

marinic acid (cis-o-hydroxycinnamic
acid). He concluded that no cou-
marinyl glucoside was present. In re-
cent work, the [-glucosides of both
coumarinic acid and o-coumaric acid
(trans-o-hydroxycinnamic acid) were
implicated as coumarin precursors in
sweetclover (Melilotus alba Desr.) (3,
4) and possibly in sweetgrass [Hier-
ochloe odorata (L.) Beauv.] (5), and
the “bound coumarin” of sweetclover
was identified as coumarinyl glucoside
(6, 7). Although the presence of glyco-
sidically bound coumarinic and o-
coumaric acids in tonka bean leaves
may be inferred from the recent studies
of Griffiths (8), the occurrence of these
glycosides remains uncertain because
the paper contains information only on
acid-hydrolyzed leaf extracts. We now
present evidence indicating that the S-
glucosides of coumarinic and o-coumaric
acids exist in seedling leaves and also
in the fruit of the tonka bean.

Three tonka bean seedlings were
grown in soil under standard cool white
fluorescent lights in the laboratory.
Aqueous extracts of seedling leaves,
various portions of immature fruits, and
cotyledons of mature fruits were pre-
pared by dropping the respective tissue
samples into boiling water and imme-
diately autoclaving for 20 minutes. This
procedure minimized the action of en-
dogenous glucosidases during extrac-
tion. Aliquots of the extracts were as-
sayed fluorometrically for free coumar-
inic and o-coumaric acids, and other
aliquots were hydrolyzed by autoclaving
for 45 minutes in 2.25N NaOH before
assay, to provide estimates of total
levels of the two acids. Values for the
bound compounds were calculated by
difference. The assay procedure was
essentially the one used in studies on
sweetclover (9).

As shown in Table 1, the cis isomer
of o-hydroxycinnamic acid predomi-

nated in cotyledons of both immature
and mature fruits, but in the exocarp
of the immature fruits the frans isomer
was predominant. Less pronounced
differences between levels of the two
isomers were observed in seedling-leaf
extracts. The trans isomer was not de-
tected in the free form in any of the
extracts, but both free coumarin (the
lactone form of coumarinic acid) and
bound coumarinic acid were abundant
in extracts of cotyledons and seedling
leaves. Extracts obtained from imma-
ture cotyledons within a few days after
harvest of the fruits were comparatively
low in content of free coumarin and
rich in bound coumarinic acid. Simi-
larly, extracts of cotyledons from fruits
which apparently matured naturally
were relatively low in free coumarin.
However, extracts of cotyledons from
immature fruits stored under refrigera-
tion for several weeks, or from dried
fruits which appeared to have been har-
vested before full maturity, were high
in content of free coumarin. These ob-
servations suggest the possibility that
the presence of large amounts of free
coumarin may be an artifact resulting
from the extraction procedure or from
unnatural ripening or storage condi-
tions. Similar findings regarding the
presence of free coumarin in sweet-
clover were recently reported (7, 10).

In the tonka bean fruits, coumarinic
and o-coumaric acids were not confined
to the exocarp and cotyledons. How-
ever, interfering fluorescent substances
were present in aqueous extracts of the
mesocarp and endocarp, and available
data on these parts are less reliable than
the data presented in the table.

In chromatographic tests employing
the four solvents described by Kosuge
(6), Ry values observed for the bound
forms of coumarinic acid and o-
coumaric acid in tonka bean extracts
were identical to values for authentic
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