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Abstract

Forty-five male rats of five weeks of age which were operated upon to induce pul-
monary emphysema and 51 non-operated rats were examined histologically. The rats
which were experimentally induced to develop pulmonary emphysema and whose
blood pH was acidic were sacrificed 56 days after the operation. In their molars, pulp
stones were found in a considerably high incidence. The pulp stones were examined
histologically, histochemically and their hardness compared with that of secondary
dentin. They not only resembled those of the human, but also revealed variant stages
of development. They were classified into five groups: 1) Pulp stone surrounded by
odontoblasts, 2) pulp stone with necrotic pulp cells, 3) pulp stone with degenerated
or necrotic epithelial cells, 4) pulp stone with a necrotic blood vessel, and 5) amor-
phous calcified deposits. The developmental mechanism, the histological and histo-
chemical properties of the pulp stones and of the amorphous calcified deposits were

discussed.
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Introduction

Abnormal calcification of the dental pulp
tissue, which is known as denticles, pulp stones
or secondary dentin, occasionally gives rise to
dental pain!’ or pulp stenosis? followed by
necrosis. It is also an useful sample for elucida-
tion of the mechanism of calcification of the
dental pulp. The developmental process of
denticles, however, is still poorly understood
for the following reasons: firstly, no precise
histological and histochemical studies have been
made on a large number of denticles or pulp
stones. Secondly, it is practically impossible to
obtain a large number of denticles or pulp
stones in the variant stages of development.

On the other hand, it is well known that a
condition where the blood pH is acidic predis-
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poses to formation of renal calculus, and that
denticles or pulp stones are frequently found in
extracted teeth of patients of advanced age. It
is also known through Csernyei® that congested
pulp in intact teeth always has an alkaline reac-
tion (pH 7.44) which is higher than that of any
other tissue (connective tissue, pH 7.20; blood,
pH 7.36).

Up to date, however, there have been only
two interesting papers on the experimental study
of pulp stone formation excepting the forma-
tion of secondary dentin: one by Luostarinen
et al.* and the other by Stenvik and Mjor.5 The
former is a paper on the repair of injured dental
pulp by using rats. In that experiment they
found large denticles formed in the incisor pulp
which was traumatized not only by exposure
but also by applying surgical diathermy. The
latter is a report on the higher incidence of pulp
stones found in human teeth which were ex-
tracted after having been subjected to intrusive
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forces by orthodontic treatment.

For these reasons the experiment was com-
menced with rats which produced metabolic
acidosis. This acidic condition was performed
in rats affected with experimentally induced
pulmonary emphysema. The influences of a
low pH in these rats on the formation of pulp
stones were studied and then the origin and
developmental process of these pulp stones
were also studied histologically and histoche-
mically.

Materials and Methods
1. Operation for Pulmonary Emphysema

Tracheal ligatures were made on five weeks
old male rats of the Wistar strain according to
the method of Ito and Aviado.® The trachea
was ligated loosely so that stenosis might take
place with a suture thread No.9 around the tra-
chea. On the surrounding tissues special care
was taken in order not to damage the thyroid.
Similar operations were performed on the con-
trol group.

One week after the operation, the following
treatments were given for the subsequent four
weeks. Ten percent papain (2.5 ml/kg) was per-
fused into the trachea of the operated rats once
a week for the initial two weeks. The same
amount of 0.9% physiological saline was per-
fused into that of the controls. A double
amount of papain or physiological saline was
perfused into the operated and the control
rats respectively once a week for another two
weeks.

2. Identification of Induced Pulmonary
Emphysema

It was confirmed by the following tests
whether the induction of pulmonary emphyse-
ma was successful. 1) Functional residual capa-
city was measured by the method of King.”
Simultaneously, pulmonary compliance, pulmo-
nary resistance and minute volume were mea-
sured according to the method of Dunnill ® 2) A
histopathological examination was made by
counting the ratio of the mean chord length to
the internal surface area on the histological
preparation with the aid of the point counting
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method. For the histological preparation, a
lung was taken out carefully and fixed with
25 cm/H,0 of 10% neutral formalin solution
perfused into the lung via the trachea. A week
later, the lung was dehydrated in 80% alcohol
solution for 24 hours and in 100% alcohol for
48 hours. Then it was embedded in paraffin.
Sections were prepared 8u thick and treated
with hematoxylin-eosin stain. 3) The pH of
arterial blood of the rats affected with pulmo-
nary emphysema was measured by using Corn-
ing’s 175 automatic blood gas analyser. The
pH, PCO,, PO,, HCO;, B.E. (base excess), O,
content and O, SAT (saturation) of the blood
were measured simultaneously.

3. Examination of Pulp Stone Development
in Operated Rats

The mandibles with molars were removed
from the rats. The mandibles and maxillas were
immediately placed in isopentane chilled with
liquid nitrogen. After freezing, they were
freeze-dried at —40°C dry temperature for
seven days. After being treated with formalin
gas, the mandibles were decalcified with 10%
EDTA, embedded in paraffin and sliced 4 u
thick with a microtome. The histochemical
stains used were hematoxylin-eosin stain, Van-
Gieson’s stain, Mallory’s stain, Masson trichro-
me stain, periodic acid-Schiff stain, toluidine
blue metachromasia (pH 2.5, 4.1, 7.0) and acid
hematein stain.

4. Examination of Degree of Calcification
of Pulp Stones

In order to study the degree of calcification
of pulp stones or calcified tissue, nondecalcified
sections were prepared. The mandibles and the
maxillas with molars were removed from the
rats. Then they were dehydrated in alcohol,
and dipped in styrene monomer for 48 hours,
and in polyester resin for 48 hours. Then, they
were polymerized at 60°C for 12 hours. The
transverse sections of about 40u thick were
made by sectioning mesiodistally the poly-
merized mandibular samples using Isomet of
Buehler Co.

Contact-microradiograms were made from
these sections by using Sofron SRO-MS50 of
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Soken Co. The photograph was taken under
10kV, S5mA for 10 minutes. The obtained
spectroscopic safety film 649-0 (Kodak) was
sealed with balsam after development, and then
enlarged 20 times on A-I film (Fuji). The opac-
ity value obtained from the above-prepared
samples by using densitometer PDA-II of Sakura
Co. was considered to be the degree of calcifi-
cation.

Results

1. Identification of Pulmonary Emphysema
Induced in Rats

a. Functional examination of the lung
Functional residual capacity (FRC), pulmo-
nary compliance, pulmonary resistance, and
minute volume were measured simultaneously.
The values of the measurements are shown in
Table 1. FRC was 3.05 £ 0.25 ml in the control
and 3.15+ 0.05 ml in the operated group. There
seemed to be no significant difference between
them. However, in the conversion of FRC/body
weight the former was 8.71 + 0.33 ml/kg, while
the latter was 13.25 + 0.48 ml/kg. This showed
a marked difference between them (p<0.01).
The value of pulmonary resistance was 0.73
+0.038cm H,0/ml/sec in the control and
1450 £0.070 cm H,O/ml/sec in the operated
group. The value of the latter was twice as
much as that of the control group (p<0.01).
Therefore, pulmonary compliance of the oper-

ated group was apparently smaller than that of
the control (p<0.01): 0.075 +0.005 ml/cm
H, 0O in the operated group and 0.255 £ 0.012
ml/cm H, O in the control.

The minute volume of the operated group
was also decreased as compared with that of the
control group (p<0.01): 159.8 £ 33 ml in the
operated group and 226.2 + 5.6 ml in the con-
trol.

From these data it was evident that the oper-
ated group was afflicted with pulmonary em-
physema.

b. Histological examination of the lung

The destruction of pulmonary parenchyma
and alveolar wall due to papain was found in
the entire lung of the operated group. There-
fore, the mean chord length (Lm) was increased
and internal surface area (ISA) was decreased in
the operated group (Fig. 2).

c. Comparison of acid base balance

The blood pH of the operated group was
7.277 £0.106, while that of the control was
7444 £0.041. This meant the blood pH of the
pulmonary emphysema rats was more acidic
than that of the control (p <0.01). As an ad-
ditional evidence of supportive increase of
PCO,, decrease of HCO3, and decline of O,
saturation were recognized in the emphysema
rats (Table 2). It is suggested that the acidic
blood of emphysema rats was due to respira-
tory acidosis (Fig. 1).

Table 1

Comparison of Bronchopulmonary Function of the Experimental
Emphysema Rats with That of the Control

Sex and total Body Pulmonary Minute

Group no. of rats  weight FRC FRC/ke compliance resistance volume
(kg) (ml) (ml/kg) (ml/cmH,0) (cmH,0/ml/sec) (ml)

Control M (24) 0.35 3.05 8.71 0.225 0.738 226.6
+0.03 *0.25 +0.33 +0.012 +0.038 5.6

Trachea contrac- M (20) 0.24* 3.15 13.25* 0.075* 1.450% 159.8*
tion and papain £0.05 £0.05 048  +0.005 +0.070 £33

administration

Each value represents the mean £ S.E.

*: Significantly different from the control (p < 0.01).
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2. Formation of Pulp Stones and Amorphous
Calcified Deposits

a. Incidence and distribution of pulp stones

including amorphous calcified deposits

Pulp stones were found in 11 cases out of
51 non-operated rats (22% incidence), whereas
there were 27 cases out of 45 emphysema rats
(60% incidence) (Table 3). However, as for the
number of molars, pulp stones were seen in
22.3% of 268 molars of emphysema rats, and
6.7% of 270 molars of the control rats (Table
4). The distribution of pulp stones was as fol-
lows: 45% of the total pulp stones was found in
the coronal pulp alone, 24% in the radicular
pulp alone and 31% in both of the coronal and
radicular pulp.

b. Developmental patterns of pulp stones

The most common occurrence of calcifica-
tion is the Johnson-Bevelander’s so-called early
calcification type which is visible in the coronal
and radicular pulp. This type is due to degener-
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Explanation of Figures

Fig. 3

1. Coronal pulp of a rat sacrificed 56 days
after operation. H-E stain. Pulp stones (A, B)
are equivalent to Johnson-Bevelander’s so-called
early pulpal calcification. Several degenerated
or necrotic cells are still visible in A. The nidi
are probably pulp cells. No dentinal fibers are
recognized. Pulp stone (C) is surrounded by a
number of pulp cells. A number of degenerated
epithelioid cells are intermingled in a densely
packed necrotic cell group of an onion skin-like
structure. This one is presumed to be a calcified
mass of cells derived from the ectopic epithelial
cell rest of Malassez.

2. Adjoining section of the same sample as
in Fig. 3-1. Toluidine blue stain (pH 4.1).

3. Coronal pulp of a rat sacrificed 56 days
after operation. H-E stain. Pulp stone of a type
—early pulpal calcification. Calcification is
more advanced in this one than those (A, B)
shown in 1. In this section of H-E stain no de-
generated cells are visible. However, necrotic
cells and cell debris are visible. In H-E stain this
pulp stone is identical to a primary dentin al-
though the peripheral part resembles predentin,
whereas in toluidine blue stain this one resem-
bles the intermediate of primary dentin and
predentin (cf. Fig. 3-4).

4. Adjoining section of the same sample as
in Fig. 3-3. Toluidine blue stain (pH 4.1).

Fig. 4

1. Coronal pulp of a rat sacrificed 56 days
after operation. H-E stain. Diffuse extensive
mineralization was taken place in the coronal
pulp. Severely degenerated pulp cells and
hemorrhage are visible. This is an unusual case
of secondary dentin formation.

2. Adjoining section of the same sample as
in Fig. 4-1. Toluidine blue stain (pH 4.1).

3. Radicular pulp of a rat sacrificed 56 days
after operation. Toluidine blue stain. In the
core of this pulp stone a number of epithelioid
cells are visible. These cells are presumed to be
ectopic epithelial cell rests of Malassez. This
sample is the same as that in Fig. 5-2. The
group of cells surrounding the pulp stone are
not odontoblasts, but pulp cells such as those
found in Fig. 3-2. The core of this pulp stone is
not calcified while the peripheral part is well
calcified. Therefore, this is a mixed type in
which early calcification and multiplying epi-
thelioid cells of Malassez coexist.

4. Coronal pulp of a rat sacrificed 56 days
after operation. Mallory stain. The small de-

natured collagenous mass is so intensely stained
that no necrotic cells are visible (A). This could
be the prepared locus of calcification for a pulp
stone. A pulp stone (B) contains a number of
calcified necrotic cells. The peripheral uncal-
cified part is intensely blue stained.

Fig. 5

1. Radicular pulp of a rat sacrificed 56 days
after operation. Some necrotic cells are still
visible in the pulp stone.

2. Radicular pulp of a rat sacrificed 56 days
after operation. The same sample as shown in
Fig. 4-3. Toluidine blue stain (pH 4.1). It is
felt that this pulp stone has been fused second-
arily, since two groups of epithelioid cells are
found. These epithelioid cells are still growing.
The cells surrounding the pulp stone are mainly
odontoblasts. This could result in a true den-
ticle.

3. Radicular pulp of a rat sacrificed 56 days
after operation. Toluidine blue stain (pH 2.5).
Two calcified elongated masses are visible.
These are derived from the degenerated or ne-
crotic blood vessels.

4. Radicular pulp of a rat sacrificed 56 days
after operation. This is a different section from
the same sample as in Fig. 4-3. The rosy stained
are epithelioid cells which are ectopic epithelial
rests of Malassez. Calcified area is stained
yellow. Denatured collagenous mass is stained
intensively blue. The cells surrounding this
pulp stone are mainly odontoblast.

Fig. 6

1. Coronal pulp of a rat sacrificed 56 days
after operation. H-E stain. A common type
of pulpal calcification. The pulp stone is sur-
rounded by a number of cells. It is different
from that with no particular surrounding cells
shown in Fig. 3-3. The core of this pulp stone
is well calcified as in Fig. 3-3. Some degen-
erated cells in the less calcified peripheral part
of the pulp stone are pulp cells.

2. Radicular pulp of a rat sacrificed 56 days
after operation. H-E stain. This pulp stone is
well calcified. From the arrangement of the
necrotic cells in it, it may have been derived
from the ectopic epithelial rest of Malassez.

3. Picture by soft X-ray of the coronal pulp
of a rat sacrificed 56 days after operation. The
degree of calcification of this pulp stone is
slightly less than that of a primary or secondary
dentin.
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Table 2

Comparison of Acid Base Balance of Emphysema Rats

with That of the Control

Total no. H

PCO, PO, HCO; B.E. 0,CT 0,SAT
s of rats (mmHg) (mmHg) (mmoljl) (mmol/l) (mijdl) (%)
Control 51 7.444 40.9 75.3 28.0 3.7 19.9 94.8
+0.041 4.1 +10.5 2.8 2.6 +0.5 2.4
Trachea contrac- 28 7.277* 65.3* 65.4 29.5 6.6* 18.3 85.6
tion and papain +0.106 *11.6 *15.6 +6.9 +1.5 £25 £123
administration
Each value represents the mean = S.E.
*: Significantly different from the control (p <0.01).
B.E.: Base excess.
Table 3
Comparison of pH and Incidence of Pulp Stones
in Emphysema Rats with Those in the Control
Total No. Blood No.wgtfhrats Blood T ——
Group af vt pH pulp stones pH
Control 51 7.444 11 7.456 22%
+0.041 +0.023
Experimental 45 7.277 27 7.277 60%
+0.106 +0.112

pH value represents the mean +S.E.

ation and necrosis of parts of the pulp tissue.

Therefore, some degenerated pulp cells were
visible in the pulp stones at an earlier stage of
development in this study (Figs. 3-1-A, 5-1 and
6-1). As calcification advanced, degenerated
pulp cells became necrotic and obscure (Figs.
3-1-A and 6-1). The central part of the pulp
stones of this type was generally more calcified
than the periphery (Figs. 3-3 and 6-1). Two dif-
ferent aspects were seen in pulp stones of this
type: one was surrounded by a number of pulp
cells (Fig. 6-1) while the other was not sur-
rounded by any particular group of cells (Figs.
3-1-B and 6-2).

In case where ectopic epithelial cells of
Malassez were involved in calcification, two
different types of pulp stones appeared. One

was a type of false denticles, the nidi of which
were the degenerated epithelial cells. These
epithelial cells become elongated in large
number. Later the center of the epithelial bar
underwent degeneration and became necrotic
to be calcified and finally resulted in pulp
stones (Figs.5-2 and 6-2). The other was a
type of true denticles. Some of the epithelial
cells of the ectopic group formed a cyst, and
the remaining group of epithelial cells induced
the surrounding pulp cells to differentiate into
odontoblasts. Under these conditions, if the
epithelial cells forming a cyst underwent de-
generation, cell proliferation ceased and cal-
cification commenced. Then the degenerated
cells were embedded as nidi and newly formed
odontoblasts produced true denticle formation
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in cooperation with some pulp cells. The
developmental process of this type of denticles
are shown in Figs. 4-3 and 5-4.

Degenerated fragmental blood vessels were
often found in the operated group. In most of
the cases no pulp cells were found around the
vessels forming a vacuole or tissue defect, and
vessels tended to be necrotic and eventually
were calcified as a whole. Formation of such a
type of pulp stone, the nidi of which were
fragmental blood vessels, is shown in Fig. 5-3.

Diffuse calcification occurred occasionally
in an extensive area of the pulp tissue (Figs.
4-1 and 4-2). This type of calcification re-
sembled an unusual case of secondary dentin
formation.

In the present study, no diffuse calcification
was found which took place in the radicular
pulp embedding a number of blood vessels.

Based upon these findings, pulp stones
including amorphous calcified deposits can be
classified as follows:

1. Pulp stone surrounded by odontoblasts—
Dentinal fibers were seen and the nidi were

presumed to be Malassez’s rest epithelial cells
which were ectopic. This type was identical
with the true denticle.

2. Pulp stone partially surrounded by pulp
cells—The nidi were necrotic pulp cells. No
dentinal fibers were seen. These were a type of
false denticles.

3. Pulp stone totally surrounded by pulp
cells—The nidi were a large number of de-
generated or necrotic epithelial cells.

4. Pulp stone exhibiting mineralized necro-
tic blood or lymph vessel (Some cases contain-
ed a number of necrotic erythrocytes)—In the
present study no calcification was seen in the
surrounding vessels which remained com-
pletely functional.

5. Amorphous calcified deposits—In cases
where diffuse calcification occurred minimally
one involved a number of blood vessels within
the radicular pulp while others occurred outside
of the blood vessels without their degeneration
per se.

The results of histochemical reactions on the
pulp stones in the rats are shown in Table 6.

Table 4

Distribution of Pulp Stones in Molars of Emphysema
Rats and Control Rats

No. of molars Both coronal

Total no. . Coronal pulp  Radicular pulp
Group with and
of molars pulp stones anly Gy radicular pulp
Control 270 18 10 (56%) 6 (33%) 2 (11%)
Experimental 268 60 25 (42%) 13 (22%) 22 (36%)
Total 538 78 35 (45%) 19 (24%) 24 (31%)
Table 5
Comparison of Radiopacity of the Pulp Stone
with That of the Other Dental Tissues
Primary Secondary
Pulp Enamel Dentin Dentin Pulp Stone
Value of 0.34 0.95 0.78 0.73 0.68
radiopacity £0.19 £0.02 +0.08 +0.03 £0.13

Each value represents the mean = S.E.
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¢. Calcified density of pulp stone

Calcified density of the pulp stone was com-
pared with that of other dental tissues such as
the secondary dentin and the primary dentin
(Table 5). The density of the pulp stone was
less than that of the primary dentin or second-
ary dentin. The pulp stone showed higher
density value in the central part than the
peripheral part (Fig. 6-3). Pulp stones show-
ing lower radioopacity than the primary dentin

TANAKA

or the secondary dentin were not observed in
this study.

Discussion

1. Relationship between pH Value of Dental
Pulp and That of Blood

Our data on pulmonary emphysema was
induced in all rats and, therefore, they served
the purpose of our experiments. According to

Table 6

Histochemical Reactions on the Pulp Stones in the Operated Rats

Type S
Staining Type 1 Type 2 Type 3 Type 4 A yp B
methods ! o 1 o 1 o 1 o 1 10 1 I
H-E ++  ++ o+ ++ ++ ++ ++ o+ + + + +
Van Gieson ++ 4+ ++ o+ + + o+t 4 + + + +
Mallory ++ +  ++ o+ + * + + + + +
Masson trichrome ++  + ++ 4+ + + ++ 4+ + + + +
Periodic acid schiff + + + + +  ++ o+ + + + +
Toluidine blue pH 7.0 ++ ++ o+ ++ ++ ++ ++ o+ ++ ++ ++  ++
pH 4.1 ++ ++ *  ++ ++ ++ ++ + ++  ++ H+ +t
pH 2.5 + + — + + + + t + + * +
I: periphery of pulp stone, II: center of pulp stone, A: tertiary dentin, B: amorphous calcified
deposit.
Table 7
Histochemical Reactions on the Pulp Stone in the Humans
Staini True denticle False denticle A B
taining

methods 1 I 1 I 1 I 1 I

H-E + + ++ + ++ ++ ++ ++

Van Gienson ++ ++ ++ ++ + + + +

P.AS. ++ ++ ++ ++ ++ ++ ++ ++

Alcian blue .2 + ++ + + + + +

Van Kossa ++ ++ ++ ++ ++ ++ ++ ++

Alizarin red S ++ + ++ + ++? +7 ++? +?

Source: Nakamura et al.'®

I: peripheral parts of calcified body, II: center of calcified body, A: calcareous degenera-
tion, accompanied with hyaline degeneration, B: calcareous degeneration, not accompanied

with hyaline degeneration.
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Fisher'® the dental pulp is a little alkaline (pH
7.44) and Ca?* is transferred from the dentin
and pulpal fluid if the blood is acidic. This
means the pH value of the pulp is always kept
constant. Therefore, the more acidic the pH
of the blood becomes, the more Ca?* is trans-
ferred from these sources. Under such a con-
dition the Ca?* concentration of the pulp is
presumed to become unusually higher. This
might be one of the major factors for bringing
about a higher incidence of pulp stones in rats
with pulmonary emphysema. The blood pH of
these animals was lower than that of the con-
trols and the incidence of pulp stones in these
operated rats was 60%, while that of the con-
trols was 22%. Another reason for production
of pulp stones is presumed to be inflammation
of the pulp. It is felt that inflammation not
only makes the pulpal fluid acidic but also
brings about malcirculation of the blood in the
pulp accompanied by initial generation of some
pulp cells. The latter could give rise to not only
secondary degeneration of the pulp cells but
also partial necrosis of the blood vessels. These
interpretations would go well with the fact that
the incidence of pulp stones is 90% in persons
of 50 to 60 years of age while it is 66% in
younger persons of 10 to 20 years of age
(Hill %),

The value of 66% for incidence of pulp
stones in young persons seems to be reasonable
compared with that of 56% for incidence of
pulp stones in permanent teeth extracted for
orthodontic treatment (James!®). The pulp
stone of low pH rats seemed to be the same as
those shown in Figs. 1-1 and 3-4. Since the
density of calcification of the pulp stone was
higher in the central part than in the peripheral
part, it was considered that they were in an
earlier stage of development.

2. Calcification of Pulp Stones

Most of the studies on pulp stones by pre-
vious workers have been mainly based upon the
ground or decalcified sections which were ob-
tained from a large number of extracted teeth
with caries or parodontosis, and partly based
upon those of a smaller number of extracted
teeth of young persons with no caries for or-

thodontic treatment and those of the smallest
number of cadavers. Therefore, much is known
about matured pulp stones in teeth extracted
from persons of advanced age. However, there
has been relatively little advance in the pro-
perty of pulp stones which appeared in the
caries-free extracted teeth of the younger
persons and little is known about the develop-
mental process of pulp stones.

According to location, pulp stones or den-
ticles are classified as follows: free, attached
and embedded, or interstitial. Their structures
are classified as follows: true, false and cal-
careous degeneration (i.e. diffuse or amor-
phous) (Orban; Sundell ez al.}° Ishikawa and
Akiyoshi!!).

The structure of a true denticle is similar
to that of primary dentin because it exhibits
dentinal tubules containing the process of
odontoblasts surrounding their surface. They
are believed to be caused by remnants of
epithelial root sheath or, strictly speaking,
formed by secondarily differentiated odonto-
blasts which are derived from pulp cells owing
to epithelial rest cells of Malassez.

On the other hand, the structure of false
denticles is variant. The structure does not
exhibit dentinal tubules but appears as con-
centric layers of calcified tissue. According to
Orban® the structure is of three types: 1) False
denticles appear within a bundle of collagen
fibers combined with necrotic cells; 2) They
appear in a location in the pulp free of collagen
accumulation, although they contain a number
of necrotic or calcified cells; 3) They arise
around either lymph vessels or blood vessels,
as shown in Fig. 5-16 in Orban’s book.” The
electron photomicrograph indicates the cross
section of lymph vessels. Therefore this type of
false denticles seems to resemble the diffuse
calcification along the vessels; 4) They arise as
calcified throumbi in blood vessels, which may
also serve as nidi for false denticles.

Pulp stones, in a broader sense, i.e. diffuse
calcification or calcareous degeneration, appear
as irregular calcific deposits in the pulp tissue,
following collagenous fiber bundles or blood
vessels. This mineralized deposit is stained in-
tensely with hematoxylin, but stainability of
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the matrix is entirely different from that of
dentin. This is usually located in the root canal,
less often in the coronal area.

The great majority of pulp stones reported
by previous workers represented a matured
state of calcification. It is felt that a smaller
number of immature pulp stones and develop-
ing abnormal calcification of the pulp tissues
have been overlooked even if they actually exist.

The pulp stones including abnormal amor-
phous calcified deposits, in a broader sense,
were found in molars of the rats with pulmo-
nary emphysema. These pulp stones were
variant not only in matured shape, but also in
the developmental stage. According to the
author’s classification mentioned above, inter-
pretation of the development of the different
types of pulp stones can be made as follows:

1. A pulp stone surrounded by odontoblasts,
the nidi of which are presumed to be the epi-
thelial rest cells of Malassez — This is a true
denticle in which dentinal fibers are seen. The
property of this pulp stone closely resembles
that of the primary dentin. The nidi of this
pulp stone are probably the epithelial rest cells
of Malassez which are ectopic. This interpreta-
tion is based on the assumption that odonto-
blasts surrounding the surface of pulp stones
are derived from pulp cells which are induced
(in the beginning) to become odontoblasts by
these particular epithelial cells. The epithelial
cells of Malassez are ectopic disintegrated epi-
thelial sheaths of Hertwing which were original-
ly integrated with the inner dental epithelium.

2. A pulp stone, the nidi of which are ne-
crotic pulp cells — This is a common type of
false denticle. During the course of develop-
ment of this pulp stone formation two different
aspects are seen: one is surrounded by a num-
ber of pulp cells while the other is surrounded
by none. The latter case represents the state of
pulp cells soon after or a little while after the
pulp tissue is broken down, whereas the former
indicates the state of forming or having formed
a pulp stone.

3. A pulp stone, the nidi of which are de-
generated or necrotic epithelial cells — These
epithelial cells are presumed to be the ectopic
epithelial rest cells of Malassez. These epithelial

cells are, if not ectopic, usually proliferate and
develop into epithelial pearls. However, if they
move into the pulp, they undergo degeneration,
become calcified during the course of develop-
ment, and fail to become an epithelial pearl.
For this reason, no dentinal fibers are seen in
this type of pulp stone. It is another type
of false denticle. This type was reported by
Orban?® (Fig. 5-18: B of his book), although he
made no comments of its genesis.

4. A pulp stone, the nidi of which is a ne-
crotic blood vessel — As for pulp stones exhibi-
ting a mineralized blood vessel, most of the
cases are mineralized lumina of vessels and
some are entirely calcified thrombosed vessels.
Calcification surrounding the vessels which re-
mained completely functional was reported by
Sundell ez al.'® (Figs. 5 and 6 their paper).

5. Amorphous calcified deposits — In case
where a small amount of the pulp tissue under-
goes degeneration to become calcified, a small
pulp stone is brought about, which is identical
with Johnson-Bevelander’s'? so-called early cal-
cification of the pulp tissue. However, in case
where an extensive area of the pulp tissue
undergoes degeneration to become calcified,
diffuse extensive mineralization takes place,
which is an unusual case of secondary dentin
formation.

In another case where diffuse calcification
takes place in the radicular pulp, a number of
blood vessels are involved or diffuse calcifica-
tion takes place only at the outside of a blood
vessel. In the latter case the vessel itself is not
degenerated. This type of calcification was
reported by Orban® (Fig. 5-16 of his text).

3. Comparison of Incidence of Pulp Stones
of Rats

The incidence of pulp stones was 22% in the
control rats, whereas it was 60% in the operated
rats. These numbers were obtained by counting
the number of rats in which pulp stones were
found. According to the number of molars in
which pulp stones were found, the incidence of
pulp stones was 6.7% in the 270 molars of con-
trol rats whereas it was 22.3% in the 268 molars
of operated rats.

According to Thomas'® the incidence of
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pulp stones in the caries-free third molars is
27%. On the other hand, that of the inflam-
mation-free pulp is 6% in the report by Hall.!”
These human data were obtained by counting
the extracted teeth. The data indicating 6.7%
in the control rats with no caries may agree to
certain degree with the above-mentioned data
of the human teeth with no caries. At this
moment, however, it seems to be difficult to
put an appropriate interpretation on the re-
latively high incidence of pulp stones in the
caries-free molars of non-operated young rats.
Histochemical comparison of pulp stones in
rats with pulmonary emphysema with those of
the human is shown in Table 7,'® which indi-
cates that pulp stones of the rats also resemble
those of the human in the histochemical aspect.

Conclusion

So far as examined by previous workers, the
great majority of pulp stones were obtained
from extracted teeth with caries or parodonto-
sis and they represented matured states of cal-
cification. Although, the pulp stones obtained
from caries-free extracted teeth were small in
number, they also represented a matured state
of calcification. No study has been made on
variant developmental stages of pulp stones.

The rats whose blood pH were acidic were
experimentally produced. In these rats a con-
siderably high incidence of pulp stones was
found. Pulp stones which were brought about
indicated not only the variant shapes and vari-
ant developmental stages but also the similarity
to those of humans in many respects. A histol-
ogical study was made by the author on the
variant developmental stages of these pulp
stones and it was suggested that when the blood
was acidic, parts of the pulp became more alka-
line, collecting Ca2* from the dentin and pulpal
fluid and pulp stones were easy to develop
under such a condition. As for elucidation of
the developmental mechanism of pulp stones in
rats with acidic blood, however, a further study
on the pH of the pulp will be necessary.
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Abstract—Anaphylactic shock was induced with ovalbumin in sensitized rats and the
relationship between PGE; and cyclic nucleotides in lung tissue and plasma histamine
during anaphylactic shock was studied. PGE, level and cyclic AMP/cyclic GMP
ratio decreased with this ovalbumin-challenge, and the former reached a minimum
value 40 sec after the challenge while the latter reached a minimum value 20 sec later.
The plasma histamine level was elevated and reached a maximum value concomitant
with the minimum value in the cyclic AMP/cyclic GMP ratio. Dibutyryl cyclic AMP
elevated the PGE; level significantly and inhibited the ovalbumin-induced elevation of
plasma histamine, however, this effect was abolished by the administration of indo-
methacin. PGE; infusion elevated the cyclic AMP level as well as the cyclic AMP/
cyclic GMP ratio, in a time-dependent manner, and inhibited the ovalbumin-induced
elevation of plasma histamine during 10 min infusion. There was a significant cor-
relation between the cyclic AMP level and the cyclic AMP/cyclic GMP ratio, both
elevated by PGE. infusion. Thus, anaphylactic elevation of the plasma histamine level
results from a decrease in the levels of PGE; in lung tissue rather than a decrease in the
cyclic AMP/cyclic GMP ratio, albeit these decreases being coincident during ana-
phylactic shock.

Acute anaphylactic shock is a systemic allergic reaction which occurs in an appropriately
sensitized individual following re-exposure to the challenging antigen. When the antigen
contacts mast cells coated with immunoglobulin, IgE, the mast cells are degranulated and
large amounts of histamine and slow reacting substance of anaphylaxis (SRS-A) are released
(1, 2). Histamine induces a contraction of smooth muscle and dilatation of capillary beds.
The most detrimental effects of histamine action in anaphylaxis are the constriction of
bronchioles and bronchi and peripheral vasodilation after which there is a rapid fall in
blood pressure (3).

Histamine release is inhibited by theophylline (4-6) in rats (4, 5) and this effect is de-
pendent on adenosine-3’,5'-cyclic monophosphate (cyclic AMP) (5, 7) which is known to
play a role in the functional regulation of many organs (8). In a previous study, changes
in cyclic AMP levels during anaphylactic shock were found to be dependent on
prostaglandin (PG) E, levels in lung tissue (4), such being considered a target organ of
systemic allergic reaction in guinea-pigs (9-11). We suggested that the onset of anaphylactic

* Supported in part by Grant-in-Aid for Encouragement of Young Scientist from the Ministry of
Education, Science and Culture, No. 477134. Preliminary results were presented at “The Second
Annual Conference on Shock (Williamsburg, Virginia, 1979).
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shock may possibly result from a decrease in PGE, levels rather than a decrease in cyclic
AMP levels in lung tissue. Recently, we reported that during anaphylactic shock, histamine
release was promoted by agents that lower concentrations of cyclic AMP or elevate levels
of guanosine-3’,5’-cyclic monophosphate (cyclic GMP) (12). The cellular expression of
extracellular stimuli by a bimodal action of cyclic nucleotides has also been suggested (13).

Since PGE, and cyclic nucleotides were thus assumed to be involved in onset of ana-
phylactic shock, in the present study we investigated the relationship between cyclic AMP/
cyclic GMP ratio and PGE, content in lung tissue, and attempted to determine whether the
onset of anaphylactic shock was due to changes in the cyclic AMP/cyclic GMP ratio or to
changes in levels of PGE,.

MATERIALS AND METHODS

Male Wistar rats 4 weeks of age underwent one week of acclimatization after purchase,
then 0.5 ml of a 2% ovalbumin-complete adjuvant emulsion per rat was then given i.m.
into the hind-leg twice a week for 5 weeks. After the sensitization, the antibody titre of
IgG was about 64-fold and that of IgE was 43-fold. All experiments were carried out in
sensitized rats anesthetized with sodium pentobarbital (30 mg/kg, i.p.). Anaphylactic
shock was induced by i.v. administration of 0.2 ml of 29 ovalbumin-physiologic saline
per rat.

Cyclic nucleotides and PGE, were assayed in the inferior lobe of the dextral lung.

Determination of cyclic nucleotides

Experimental animals were decapitated, the whole lung was excised and immediately
fixed by focussed microwave irradiation (600W, 2,450 MHz) for 5 sec (14). The blood was
washed out by physiologic saline via the pulmonary artery and the physiologic saline was
removed by blotting paper. Each sample was prepared into 100 mg wet weight.

Cyclic AMP: For extraction of cyclic AMP, 1.0 ml of 6% (W/V) trichloroacetic acid
(TCA) was added to the samples, and the mixture was homogenized. After centrifugation
at 3,000 x g for 20 min and removal of a protein fraction, 0.1 ml of IN-HCI was added.
Extraction with a 2-fold volume of ethyl ether was repeated five times to remove TCA, then
the remaining supernatant was warmed to 80°C in a warm bath in a draft, to completely
evaporate the remaining ether. The liquid phase was lyophilized and was redissolved in
2.0 ml of a 50 mM sodium acetate buffer (pH 4.0), and this sample was preserved at —20°C.
The quantitative determination of cyclic AMP was carried out by the protein binding method
of Gilman (15).

Cyclic GMP: Cyclic GMP was extracted from the homogenates and purified by
ion-exchange chromatography (16, 17). The tissue homogenate, containing 6% (W/V)
TCA, was centrifuged at 27,000 x g for 30 min 50 xl of 4N-HCIl were added to 4.0 ml of
the supernatant, and this solution was extracted three times with 5.0 ml of ethyl ether. Two
ml of the water phase was lyophilized, redissolved in 1.0 ml of 50 mM sodium acetate buffer
(pH 4.0), and applied to a Dowex AG1-X8 column (0.5 x5 cm) equilibrated with distilled
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water. The column was washed with 10.0 ml of water and 10.0 ml of 2N-formic acid before
the cyclic GMP was eluted with 14.0 ml of 4N-formic acid. The column eluate was lyo-
philized and redissolved in 0.5 ml of 10 mM sodium acetate buffer (pH 4.0) for determination
of cyclic GMP concentration. Cyclic GMP was assayed according to the method of Illiano
et al. (18).

All determinations of cyclic nucleotides were performed in duplicate.

Determination of plasma histamine

Plasma histamine levels were measured by a modified method of Shore et al. (19).
Blood taken from the pulmonary artery was immediately centrifuged at 10,000 r.p.m. at
4°C for 10 min and plasma was obtained; a 9-fold volume of 0.4N-HCIO, was added to
the plasma obtained, and the mixture was centrifuged at 3,000 r.p.m. at 4°C for 15 min.
A protein fraction was then removed and histamine was extracted with butanol from the
supernatants. After the extraction, histamine was coupled with O-phthalaldehyde (OPT)
at a highly alkaline pH, and the fluorescent assay was conducted. The OPT from com-
mercial source (Sigma Chemical Co.) was purified (20, 21) for the assay. Histamine
fluorophor was read in a spectrofluorometer (Hitachi, 204) at the following wavelengths:

activation, 360 my; fluorescence, 450 my.

Determination of PGE,

For the determination of PGE,, 200 mg wet weight of lung tissue was weighed and
immediately 10-fold volume of 10-3 M-indomethacin/L-95% ethanol was added. Homo-
genization in a water bath kept at 0°C using a cooling circulator (Komatsu-Yamato, CTR-
120) followed. Precipitates were allowed to remain overnight at 4°C (22) and were then
centrifuged at 3,000 x g for 15 min. Each precipitate was washed with absolute ethanol
three times and the supernatants were combined and evaporated to near dryness. The
residues were redissolved in ethanol-water (2 : 1, by volume) and washed three times with
petroleum ether (boiling point: 40-60°C). After removal of the petroleum ether phase, the
ethanol was removed with a concentrator (Taiyo, TX-8) before acidification to pH 3.0 with
IN-HCI. The aqueous phase was then extracted three times with equal volumes of ethyl
ether. The organic phases were combined, evaporated to dryness, and redissolved in
acetatemethanol (3 : 1, by volume). Total PGs were separated into PGE,, PGE,, F,,,
and F,, by the stepwise development method (23) applied to thin-layer chromatography
(TLC) on 5% (W/V) silver nitrate-sprayed silicagel HR plate after first development to
separate the PGsE and PGsF. Solvent used in this determination; first step was chloroform
—ethyl acetate—ethyl alcohol—acetic acid (200 : 200 : 7.5 : 10, V/V), the second step being
the same after the silver nitrate was sprayed.

The determination of PGE, was performed by the radioimmunoassay of a double
antibody method according to the method of Levine et al. (24). In our method, final
recovery of PGE, was usually about 96 %,.

Drugs and treatments: Dibutyryl cyclic AMP sodium (P-L Biochemicals Co.); cyclic
AMP assay kit, cyclic GMP assay kit (Boehringer Mannheim Co.); prostaglandin radio-
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immunoassay kit (Clinical Assay Inc.); indomethacin (Sumitomo Kagaku Co.). Pro-
staglandin E; was a gift from Japan Upjohn Co.. Other reagents were of analytical grade
from commercial sources.

Dibutyryl cyclic AMP and indomethacin were administered in a volume of 0.1 ml/100 g
body weight. Dibutyryl cyclic AMP was given (5 mg/kg, i.v.) 10 min before ovalbumin-
challenge. Indomethacin was given (10 mg/kg, i.p.) 15 min before ovalbumin-challenge

or dibutyryl cyclic AMP administration. PGE, was infused (0.5 xg/50 ¢l/kg/min) via the
femoral vein.

RESULTS
Interrelation of cyclic AMP|cyclic GMP ratio, PGE, and histamine during anaphylactic
shock:  Ovalbumin-induced changes in the cyclic AMP/cyclic GMP ratio and PGE, level
in lung tissue and plasma histamine level in sensitized rats are depicted in Fig. 1.
A statistically significant decrease (P<<0.05) in cyclic AMP was observed 20 sec after
ovalbumin-challenge, and the cyclic AMP level continued to decrease. The cyclic GMP
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Fi1G. 1. Changes of cyclic AMP/cyclic GMP ratio, PGE, content in lung tissue and
plasma histamine content during anaphylactic shock induced with ovalbumin.
Each point represents the mean+S.D. from 5 experiments. ALB=2%, ovalbumin
0.2 ml/rati.v.  Significance of difference from zero-time value studied by Student’s
t-test 4p<0.01; £2p<0.001, Aspin-Welch method Ap<0.05; AAp<0.02;
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level began to increase after the ovalbumin-challenge and the increase was significant
(P<C0.05) 20 sec after the challenge. Rapid decreases in the cyclic AMP/cyclic GMP ratio
and PGE, levels were seen after the ovalbumin-challenge, the former reaching a minimum
value in 60 sec and the latter in 40 sec. Regarding the plasma histamine level, a statistically
significant increase (P<C0.01) was seen 20 sec after ovalbumin-challenge and the plasma
histamine level reached the maximum value 60 sec after the challenge.

Effect of PGE, on cyclic AMP|cyclic GMP ratio: Effects of PGE, infusion from zero
to 20 min on cyclic nucleotides level in lung tissue are depicted in Fig. 2.

Cyclic AMP levels were elevated in a time-dependent manner, and there was a significant
elevation (P<C0.01) after a 5 min infusion. The cyclic GMP level was decreased significantly
(P<C0.001) during the 15 min infusion. The cyclic AMP/cyclic GMP ratio was elevated in
a time-dependent manner, and a significantly high value (P<C0.01) was observed after a 5 min
infusion. There was a significant correlation (r=0.912, P<C0.01) between changes in levels
of cyclic AMP and changes in the cyclic AMP/cyclic GMP ratio, as induced by PGE, infusion
(Fig. 3).

Correlation of changes in the plasma histamine level and PGE, level in lung tissue during
anaphylactic shock: Plasma histamine level and PGE, levels in lung tissue were determined
in rats either when anaphylactic shock was induced with ovalbumin or when dibutyryl
cyclic AMP (Db-c-AMP), indomethacin, indomethacin plus Db-c-AMP, and PGE, were
given as a pretreatment before the ovalbumin-challenge. Results were summarized in
Table 1.

Ovalbumin-challenge produced a significant elevation in the level of plasma histamine
(P<<0.001; Table 1A) and this elevation was inhibited by Db-c-AMP. Indomethacin did
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FiG. 2. Influence of PGE; infusion on cyclic AMP/cyclic GMP ratio in lung tissue
from sensitized rats. Each point represents the mean+S.D. from 5 experiments.
Significance of difference from zero-time value assessed by Student’s #-test 2p <0.01;
22p<0.001.
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TABLE 1.

Effects of treatment with dibutyryl cyclic AMP, indomethacin and PGE,

on ovalbumin-induced histamine changes in plasma or PGE; changes in lung

from sensitized rats

(A) Histamine

Histamine (#g/ml plasma)

Group and treatment (n)
before ALB 60 sec after ALB p*
None (6) 0.094--0.004 0.22740.018 <0.001
Db-c-AMP (6) 0.096-£0.006 0.097+0.007 NS
5 mg/kg, i.v.
Indomethacin (IDM) (6) 0.098--0.007 0.2734-0.024 <0.001
10 mg/kg, i.p.
IDM +Db-c-AMP (6) 0.092-+0.008 0.235--0.017 <0.001
PGE; infusion** (6) 0.093-£0.005 0.092--0.006 NS
0.5 g/50 pl/kg/min
(B) Prostaglandin E,
PGE; (ng/g lung wet wt.)
Group and treatment (n) — S
before ALB 60 sec after ALB P*
None (6) 14.264-0.64 4.3140.38 <0.001
Db-c-AMP (6) 21.844+0.48 20.63-+0.37 NS
IDM (6) 5.1940.292 3.14-+0.37 <0.001
IDM +Db-c-AMP (6) 6.264-0.33 3.454-0.17 <0.001

ALB=29% ovalbumin 0.2 ml/rat i.v.
values in the treatment before ALB and treatment after ALB.
continued for 10 min until ALB. Results are the mean--S.E.
a: p<0.001 (VS. line 1)

at level of p<0.05.

*P values indicate the significance between
**PGE;, infusion was
NS= not significant



PGE, AND CYCLIC NUCLEOTIDES IN SHOCK 779

not influence the ovalbumin-induced elevation of histamine level but did abolish the effect
of Db-c-AMP in inhibiting the elevation in plasma histamine. PGE, infusion inhibited the
elevation in plasma histamine. The level of PGE, was decreased significantly by the
ovalbumin-challenge (P<{0.001; Table 1B). Db-c-AMP elevated PGE, level significantly
(P<<0.001) compared with that of the non-treated group, and inhibited the decrease of
PGE, level, as induced by ovalbumin-challenge. Indomethacin decreased the PGE, levels
significantly (P<0.001) compared with the non-treated group and had no influence on the
decrease of PGE, level as induced by ovalbumin-challenge. The effects of Db-c-AMP
were also abolished.

DISCUSSION

Previous studies (4) showed that theophylline significantly improves the survival rate
of anaphylactic rats and that this improvement is correlated with elevation of PGE, levels
in lung tissue. The findings of the present study suggest that an intracellular control mecha-
nism involving cyclic AMP and cyclic GMP during anaphylactic shock depends on the
levels of PGE,, and that PGE, regulates the anaphylactic histamine release. It appears
that cyclic AMP and cyclic GMP exert opposite effects and this may represent an example
of the ““Yin-Yang” theory first proposed by Goldberg et al. (13). Haberland (25) previously
showed that alteration of cell functions and consequent release of histamine is an important
component in the pathogenesis of anaphylactic shock.

In the present study, ovalbumin-challenge elevated plasma histamine levels, and
decreased cyclic AMP/cyclic GMP ratio and PGE, levels in lung tissue significantly. The
histamine level reached a maximum and cyclic AMP/cyclic GMP ratio reached a minimum
60 sec after the challenge, only the PGE, level reached a minimum 20 sec earlier (Fig. 1).

With regard to the relationship between PGE, and cyclic nucleotides, the following
four findings suggest that during anaphylactic shock, there is a decrease of PGE, levels in
lung tissue which is coincident with a decrease in the cyclic AMP/cyclic GMP ratio: 1)
during anaphylactic shock, a decrease in PGE, levels precedes a decrease in the cyclic AMP/
cyclic GMP ratio (Fig. 1), 2) PGE, infusion elevates cyclic AMP levels and cyclic AMP/
cyclic GMP ratio in lung tissue in a time-dependent fashion (Fig. 2), 3) Db-c-AMP elevates
PGE, level in lung tissue significantly (Table 1B), 4) a significant correlation was observed
between the elevation of cyclic AMP level and that of cyclic AMP/cyclic GMP ratio in lung
tissue both induced by PGE, infusion (Fig. 3).

With regard to the relationship between PGE, and histamine, anaphylactic elevation
of plasma histamine may result from a decrease of PGE, level in lung tissue as: 1) the effect
of Db-c-AMP which is considered to increase intracellular cyclic AMP levels (8, 26, 27) to
which in turn inhibits anaphylactic elevation of plasma histamine, was attributed to the
action of Db-c-AMP on increase of PGE, level, because the effect was abolished in the
concomitant administration with indomethacin (Table 1A, B), a potent inhibitor of PGs
biosynthesis (28, 29), 2) anaphylactic elevation of plasma histamine was inhibited when the
levels of PGE, were maintained at high rates before challenge (Table 1A, B), 3) anaphylactic
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elevation of plasma histamine was inhibited by PGE, infusion (Table 1A). This is in
agreement with findings of other workers in which PGs inhibited the immunologic release
of histamine from the lung (30, 31). In addition, we found that anaphylactic shock could
be prevented by maintaining PGE, levels in lung tissue at a value observed before onset
of anaphylactic shock (4).

Therefore, it may be concluded that the onset of anaphylactic shock in rats is due to
the elevation of plasma histamine levels which results from a decrease of PGE, level in lung
tissue rather than to a decrease of cyclic AMP/cyclic GMP ratio, though these decreases
are coincident during anaphylactic shock.
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REFERENCES

1) KELLER, R.: Anaphylaxis in isolated rat mast cells. (1) The effect of non-specific metabolic
inhibitors on histamine release by antibody and on histochemical demonstration of
non-specific esterase. Int. Archs Allergy appl. Immunol. 23, 315-320 (1963)

2) IsH1zaka, T., IsHizakA, K. AND ORANGE, R.P.: Pharmacological inhibition of the antigen
induced release of histamine and SRS-A from monkey lung tissues mediated by Ig-E.
J. Immun. 106, 1267-1273 (1971)

3) KerLy, F.K. AND PATTERSON, R.: Anaphylaxis: Course, mechanisms and treatment. J.
Am. med. Ass. 227, 1431-1439 (1974)

4) OkaBE, E.: Preventive effects of theophylline on anaphylactic shock in rats. Japan. J. Phar-
macol. 30, 367-376 (1980)

5) KoopMAN, W.J., ORANGE, R.P. AND AUSTEN, K.F.: Immunochemical and biologic pro-
perties of rat IgE. III. Modulation of the IgE-mediated release of slow-reacting
substance of anaphylaxis by agents influencing the level of cyclic 3’,5"-adenosine
monophosphate. J. Immun. 105, 1096-1102 (1970)

6) LICHTENSTEIN, L.M. AND MARGoOLIS, S.: Histamine release in vitro: Inhibition by cate-
cholamines and methylxanthines. Science 161, 902-903 (1968)

7) BourNE, H.R., LICHTENSTEIN, L.M. AND MELMON, K.L.: Pharmacologic control of allergic
histamine release in vitro: Evidence for an inhibitory role of 3’,5"-adenosine mono-
phosphate in human leukocytes. J. Immun. 108, 695-705 (1972)

&) PosTERNAK, T.H., SUTHERLAND, E.W. AND HeNION, W.F.: Derivatives of cyclic 3',5-
adenosine monophosphate. Biochim. Biophys. Acta 65, 558-567 (1962)

9) AvYRES, SSM.: The lung in shock: Alveolar-capillary gas exchange in the shock syndrome.
Am. J. Cardiol. 26, 588-594 (1970)

10) KALINER, M.A., ORANGE, R.P., KoorMAN, W.J., AusteN, K.F. AND LARAIA, P.J.: Cyclic
adenosine 3’,5’-monophosphate in human lung. Biochim. Biophys. Acta 252, 160-171
1971

11) WiLson, JJW.: The lung in hemorrhagic shock. 1. In vive observation of pulmonary micro-
circulation in cats. Am. J. Pathol. 58, 337-345 (1970)

12) OkABE, E. AND ITO, H.: Interrelation of cyclic AMP, cyclic GMP and prostaglandin E; on
anaphylactic shock in rats. Circ. Shock 6, 172 (1979)

13) GoLDBERG, N.D., HAppOX, M.K., HARTLE, D.R. AND WADDIN, J.W.: The biological role
of cyclic 3’,5'-guanosine monophosphate, Pharmacology and the Future of Man.
Proc. 5th Int. Cong. Pharmacol. 5, 146 (1972)

14) Mao, C.C. aAND GuipoTTi, A.: Simultaneous isolation of adenosine 3’,5'-cyclic mono-
phosphate and guanosine 3’,5’-cyclic monophosphate in small tissue samples. Analyt.
Biochem. 59, 63-68 (1974)

15) GitMAN, A.G.: A protein binding assay for adenosine 3’,5’-cyclic monophosphate. Proc.
natn. Acad. Sci. U.S.A. 67, 305-312 (1970)



16)

17)

18)

19)

20)

24)
25)

26)

27)

28)
29)

30)

31)

PGE, AND CYCLIC NUCLEOTIDES IN SHOCK 781

Kuo, J., Leg, T., REYEs, P.L., WALTON, K.G., DENNELLY, T.E., JR. AND GREENGARD, P.:
Cyclic nucleotide-dependent protein kinases. X. An assay method for the measurement
of guanosine 3’,5-monophosphate in various biological materials and a study of
agents regulating its levels in heart and brain. J. biol. Chem. 247, 16-22 (1972)

MURAD, F., MANGANIELLO, V. AND VAUGHAN, M.: A simple, sensitive protein-binding assay
for guanosine 3’,5-monophosphate. Proc. natn. Acad. Sci. U.S.A. 68, 736-739 (1971)

ILLiaNno, G., Guy, P.E., MARvVIN, I.S. AND PeDRO, C.: Guanosine 3’,5'-cyclic monophos-
phate and the action of insulin and acetylcholine. Proc. natn. Acad. Sci. U.S.A. 70,
2443-2447 (1973)

SHORE, P.A., BURKHALTER, A. AND CoHN, V.H., JR.: A method for the fluorometric assay
of histamine in tissue. J. Pharmacol. exp. Ther. 127, 182-186 (1959)

YuseM, M., DELANEY, W.E. AND LINDBERG, M.A.: An improved fluorometric determi-
nation of histamine by stabilizing the OPT reagent. Analytica chim. Acta 44, 403-409
(1969)

Suzuki, O.: A new method for fluorometric assay of histamine. J. Keio Med. Soc. 50, 263~
270 (1973) (Abs. in English)

TAWFIK, M.A.: Prostaglandin E, in human gingiva in health and disease and its stimulation
by female sex steroids. Prostaglandins 11, 331-341 (1976)

INAGAWA, T., OHKI, S., SAWADA, M. AND HIRATA, M.: Studies on extraction, separation
and estimation of prostaglandins by radioimmunoassay. II) Separation of individual
prostaglandin by thin-layer chromatography with stepwise development, and deter-
mination of prostaglandin E,. Yakugaku Zasshi 93, 471-475 (1973) (Abs. in English)

LevINE, L., GUTIERREX CORNOSAK, R.M. AND VAN VuNAKkis, H.: Specificities of prosta-
glandin By, F;. and F. antigen-antibody reaction. J. biol. Chem. 246, 6782-6785 (1971)

HABERLAND, G.L.: Shock-Biochemical, Pharmacological and Clinical Aspect, Edited by
ALDO, B. AND NATHAN, B., p. 273-282, Plenum Press, New York and London (1970)

HEeNION, W.F., SUTHERLAND, E.W. AND PosTERNAK, T.H.: Effects of derivatives of adenosine
3’,5’-phosphate on liver slices and intact animals. Biochim. Biophys. Acta 148, 106-112
(1967)

KAUKEL, E. AND Hirz, H.: Permeation of dibutyryl cyclic AMP into Hela cell and its
conversion to monobutyryl cyclic AMP. Biochem. biophys. Res. Commun. 46, 1011-
1019 (1972)

KATORI, M.: Prostaglandin antagonists and biosynthesis inhibitor. Metabolism and Disease
12, 1529-1542 (1975) (in Japanese)

KANTOR, H.S. AND HaMPTON, M.: Indomethacin in submicromolar concentrations in-
hibits cyclic AMP-dependent protein kinase. Nature 276, 841-842 (1978)
TAUBER, A.I., KALINER, M., STECHSHULTE, M.J. AND AuUsTEN, K.F.: Immunological release
of histamine and slow reacting substance of anaphylaxis from human lung. V. Effect

of prostaglandins on release of histamine. J. Immun. 111, 27-32 (1973)

BORGEAT, P. AND SAMUELSSON, B.: Metabolism of arachidonic acid in polymorphonuclear
leukocytes. Structural analysis of novel hydroxylated compounds. J. biol. Chem. 254,
7865-7869 (1979)












Terfenadine ®» 7 v + iz B 2 Atk ERE
7S U EfE R
b gef*,  (LIRE AP,  EAAE
+REEE*, EERENY, IaFE*
HEE— AR W g, ME  Frer
R AE*

ox I R F
Vol. 15, No. 2 7 il
(RBRISSEI A 51T






A

281

28, 15—2, 281322, 1980

Terfenadine » 7 » bz 3 2 AN A E
7o S N [EfEE B

bR, (LRE Ak, ENAE*
TEEEY, EEENY, JIRPElF
ARE— AR, WL i, e Eee
DR A%

Abstruct : Subacute Toxicity and Recovery Tests of Terfenadine in Rats

We studied the safety of Terfenadine (TFN), a new type of antihistaminic with no suppres—
sive action on the central nervous system, by performing a subacute toxicity test and recovery
test with SD strain rats placed on a l-month consecutive oral administration regimen of 50mg,
125mg, 250mg and 500mg ~kg.

1) TFN had no influence on the behavioral aspect of rats in each administration group.

2) Symptoms such as depilation, epistaxis and diarrhea were noted occasionally in the high
dose group.

3) Inhibition of the body weight gain was observed in males and females of the high dose
group.

4) An increase in the amount of urine was seen in parallel with the doses of TFN.

5) Findings of hypofunction of the liver was noted in the high dose group.

6) As regards the body weight ratio of organ weights, an increase was observed in the liver
of males and females of the high dose group.

7) Administration of TFN exerted no organic influence on main organs.

8) These results indicate that the maximum-non-toxic dose will be somewhere between 125 mg
kg and 250 mg “kg.

# #

AR R INGIERA N ST LW 2 £ Folie A % 3 v#THh 5 Terfenadine (TFN) i&o\T, SD%F
v MCFF 5 50mg, 125 mg, 250 mgis L 08 500 mg, kg D 1 » A EERE 0k Gz X 5 AN EMERER L b O EIE
RBEEE e, Toretficouvw TR L 7.

1) TENOBRESHTIE, 59 OfFBEAAIEGC I EZEY 5 X 7,
Toshiki TANAKA*, Naonori YAMAZAKI*, Takahiko SHIMURA®*, Sigetoshi TSUCHIYA¥,

Shosuke SATO*, Youji KAWAGUCHTI*, Kazuto SAITO**, Kyo KOGAWA**, Makoto MAMIY A
*** and Haruo ITO*

*Department of Phaimacology, (FZ)I|BlAN OEHY-#%) **Department of Pathology, (i
Z)N BRI E)

***Department of Oral Anatomy, (f#Z)I[HEIRFHEEHY#%) Kanagawa Dental College, 82
Inaoka-cho, Yokosuka, Kanagawa, Japan 238
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2) TFNOE#ESRTHE,

4) TF NG EICFT L CTREDRINA
5) TF NOESEE T CHEREE T o R A

L, FRie EDERN R S hts,
3) HERED T F N@BGBET, RERMIMOIHI A Z S iz,
R BT,
R DT,

6) WaREROBERICI T, MElED S G-REO IR INA 2 5 A i,
7) TENBS I A2 TEBMC/AWT 20EMSE IR LD,
8) TF NHHIT & M 2Vt i ie i K IE RIS, 12508 /kgs 250 Mg,/ kgD hfSITH 5 5 .

=

*
Terfenadine (LA'F, TFN &8) % Ricuarn-
son~MerreL FEIC X - TR I R Hie A % 3 v
THY, fiohie 2z vECHL THRMRE
MHEREZ b clonZ LM ETHHLWLES
WTHB'™Y, ZTomMU¥EHRECO VT, &
EksWThTnes v F o@uBEtomsE? o
AThHbH, £ZT, 4O, 59 b #HVTTFEN
D1 » HEERRE 15 X % fi 2 v Rk 7o
LOCEERBREERL, ZOREHICHHTHH
FLicoTHET 5,
EBMHESLUHEE
1. BB
RICHARDSON_MERRELL *:t.:t ‘9 j‘JEE{:/H:‘%_’ 5 HfCT F
N, JEREHE O P ks MR T, 2T 8471, 66
AR 141 ~151°C TH %, fLEMW L, a-
(4 -tert - butylphenyl) -4- (a- hydroxy-
o - phenylbenzyl) -1 -piperidinebutanol ©
Hbv, romgEicontit Fig. 1 @Rl k.

Fig. 1 Chemical structure of Terfenadine

@‘ ‘Q (cH )3—c11 — @
- C(CHJ)J

C,,H,.NO

32M41N0, 471.66

«-(4-tert-butylpheny1)-4- (d-hydroxy-g-pheny1benzyl)-
1-piperidinebutanol

2. FEEREMWT b OB &M

KRBV IMEED> Sprague-Dawley (LUTF,
SD&ms) %25 v b (Charles River ) #4:
HTA4BESTHAL, ME23+1°C, BE55+5
%OEREROBMETHEL, EMEH (CE
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—2, HAzv7) LKEKAYBHRICER S &
oo 7ok, 1 HEOFMEFER, @BELbO% 2
B OEBRITHE L 72

3. HEHE, BHEHEE IR E

BHROBEL, JUHEERBRY OF L K
Kk 500mg kgl L, ZoRKEICHTHAH
Lo T R 250 mg kg, ArfELRE 125 mg ke,
e/ miko0mg kg L T4 AR E L, T
FNiuX 1 tofkb5sE» 1nl,/ 100 1C/eh X 5
TR &4 Xpic gL, K5RZ LR L

oo o, WEBEL, RALA MO
B 7
oy, 1B 1E, 7108w )

DZ v NASBERED Y vF A T30 H R G
ARt

7eds, KR, 250mg, kgfk bRl X ON500mg,
kg G BEICoLTIE, 1 BRMERER 2 251 & L, 30
HIE DR 548 T8, &4l 5 Fla 158 Mo
[ 15 BRER I L L 7o

4. BERIVEKRE

1) —mERE %

EY B ORI ATEFONRES & 8 E o R
&, RHimoFE, EEOMREFCHLTHEL
A

2) fkE, EIEOWUE

Rl XL OEROEREL, HH, Ehkbio
EANCRE L oo 7o, SRHEIUEICO\WTIRE

—EEEHREL, TORELIV - LTk
5%

3) RBRE

BREBE ORIH DY AT T, 2pFIFE7
Ry — o AR, FEE18RERIR A BRI U R &
HUELICE, UToREXR I 7,



REEH - KB - Ketone - bilirubin -
bilinogen « ¥ (=1 F A5 4 7 A, =4t) ,
pH (MRHERSK, HWEK), Kl (B,
7 A THF)

4) MEKE
MEFHIRAL, BRI HCLBRHIK XL v
L 7SSV TERIL 7o 7ok, BREHKR
REICSHBHAR & 0 BRELL 7o A% O BEL, 1LY
CDOWTHILFHIRE 4 3 2 7 - 1o

(a) M¥EFHRE : RO - Bl RK
(HBMRFHBE, BANE) , hematocrit {#
(EMEE ) , hemoglobin & (cyanme-
themoglobin %) , HMERESHE (Giemsa Y
BEREKEEAR) .

(b) IMyE4 b9 kE ©  # cholesterol
(O-phthaladehyde %) , alkalinephosph-
atase (phenylphosphate #£), GOT -+ -GP
T (Reitman-Frankel ), # bilirubin (Ev-
elyn-Malloy ) , k#%# (Urease-Indop-
henol %), creatinine (Folin-Wu ) ,
blood sugar (Toluidine & ¥fEE%) , A/G
H(BCG-va—-vv i), EH (BHFE
%, =nr=), Na* - K* (®¥0k, HIZ508),
Cl~ (Schales & Schales ),

5) MEERE R X OTREALRT A RH

FRIMEDOBY X EEERONRMBE L I e
S5LEBIT, i UMiiakEt) , MTEMEK K
R, MR, O, FFEE, PREE, EE, B, 2
BLUOMELY AL hiFH L, BEBREEONE
I, SHLCHMBRER DR,

LEROFEMICINZ T, BRI, K, R
H, NMNEFIORBEEHAHE L. $XTo
2% 210% % formaline YWT@E & L 7
#%, WHCRELy, Hematoxylin-Eosin &Y
HMEAAIER L, ZOMMBIC S TR
BT TIREARFICRE L 1,

6) EFBMBEHBRR

FrhgE, TN, A, PREE, MIEE T
HE, EbIC4° CeBHLIC2.5% 712 -7
AFe N () vEERER pH7.3, 5.4 %jigia 4

uro-
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), RWT2%F A 3w AT CEEL -,
=& 7 = LRFICThiK, Epon-Araldite g
L7ce OB THEBREFHEME (]
EM—100 B, HA®EF) W TRFEL 7,

EERIER

A HEMEENRR

1. —MERBIE

TFN 50mg kg, 125mg kg% X OF 250mg,~ kg
BERETI, MEEELICE S BELRADL A
e 5 oo KM ER G- # 500 mg kg I35\ T,
HEHE & b % 7T ~10H BB E, WENX
RMK e EDOFEFIER AR T L DOAEBIRD B A
2o LonL, Z OFEGERGEKEIRE T 5 %
AL, HE520HFI%TIR E A EIEHEOREI [E
Bl ¥, Bh 6 B, ML~ 26 0RE
MR, FRICEE, TRI BRI, o
BHCE T, 500 mg,/ kg # 5-5f O HEREIC 3\~ TH
GBI —@E ol Fa2R LA (Fig. 2, 3,
Table 1, 2) . g3, HEBHIHNIL, TXTOKL
BTREDBIIEH) ST,

2. (KR

T F N A M & 558 500 mg, kg O MR < (4 &
HINROEE OMEIHEA AR D IIch, FEDOE
FERD DRI 5 T2 FREUNDEEFIT IS T
L, REMEMIEIEE > BEDD R I D 5
(Fig. 4, 5, Table 3, 4) ,

3. FETH

T F N 500 mg kg 5B\ T, HHBRB
H8HHICHE 2, I0HBECHE2 #H 2ET L
o

4. RER#E

TF NG E TSR IREOHM, HED
WY B LORD 7 7 ) (LEE D B tc, i
DREIAB B LA A B ich - 7 (Table 5,
6) .

5. IMEKRE

(a) MEFRIKRE

T F N 500 mg kg ¢ 55 o B 1§ ER o> 8 hn e
F2FRD b ATH, MORBHB KK TILE -
fe L BALix A S hishy- 7z (Table 7, 8) o
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(b) IMMEECFRIBRE

AR R ORE S, Table 9, 10 wwxRL
7o BUNIZHRWT 250 mg, kg 3 X O 500 mg kg
BHEROMET, SBEHCH L ThTareiginms R
whht, GOTTIE, 250ng kgl L 085000,
kg G-REDHE, 500 mg,/ kg DT Z ML I E A
AL, AEMCH L TEEOEYRD I, F 1,
G P TiCH T h 500 mg, kg ¥ G- FEOHERE & &1
AREIEMARD Do, DT, kD 500 mg
/kgPe 57 C alkalinephosphatase O & /¢ |
An@Rbb I, ok, BEE, M, EHES
IO DMDOBREF R THETOEBNED LRI
2 WIERS TFNESICL 28RS X0 &
BT 5 —EDHHANILFRD b IiLh - 7o,

6. MEAREE R L OYREEMTFIRER

(a) HWRMFTR
WFROEERICK TS 5 5 M A fE 5 Hlis &
LN, BOBED S 5 M iledrc i, Hidd X
T HIE LI H - 2

(b) [E#SERER JOEEMNER (hEH)
sy g4 Table 11, 12 &, k&% Table
13, 14 xR L %o

T UL50mg kg B b RE O /LR E e o W,
500 mg kg 57 D /2RI E R OWD I L O
HEOWALAbLRIC, LrL, ZThboEEL
Tk, FoZEFELRDLRIC T E 722 -
oo HEDHE T, HMERICLADERSYAD
Ry, RENET250mg, kg G REO MR, 500mg
kg BeEREORG,  Balig, BF, BuCinsiAan
72o M ERER L OGRELOMEZECHEEEZR D
7Dix, D 500 mg, kg G- REC B1T B DK T
géo‘fCa

(c) JREMHEMRERFT R

flivcds T, RFIRRE, B5REE I H oI, MR
i, (EHNHREACIl 28, HRISIZRL, MoRs s & o %%
FEBRL D b i, F i, Tk T b xidat,
BeERELCBED 5 S Ila b1, VEBICIE
BEEEME DD B e BT E D 5 - I L4, 2
BR#EADL R - T HLF TS TIX, MME
DB OBREHEE, NERSLOKBEDOY v 2
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g o —¥#ic Lymphfolliele o hyperplastic
TR A DI, AR L & AP
OB EETNLLDOTH -0, FOMDIES
CDOWTHBRFE LA, BEARIEED b ieh
> 7= (Photo a~h) ,

7. ETHEMEN KRR

Photo 7, 8 I@/R L7z & 5 ICific s\ T, i
AR FE TS o B & —FT DR 1
b b T, BRMECHFET 2HE/NMatk (nEr)
LEBOMTOARRE (M) B LOZOMICEE
7Y a=r Vi (G1) PEDLRIEFE BT
Botco Eic, oo uT 1 Photol ~6,
9, 10 WRL7cX SR REFRIAD LI -
o

B. [ofE#ER

1. —RERBIZE

WO FIC IS T S ITE IR D s
2700 Fio, G HIEACEIER S AR & B
AEREAILE 5 7o Ab sk - 7o,

2. (hEMBER IOCEAR
WFROBERIC RS T xR & RRE O &
EIWMER LR LI, i, HOBRECSWTEH
KHERE L 3iEBgr L 7o (Fig. 2~5, Table 15~
18) ©

3. RHR#E

KRR & BB L ORI, MEREE 3N TO
BREFHCEWTHRBOZZRE DL R It 5 o
(Table 19) ,

4. IMEKRE

(a) MEFHIRE

TFNEGEHK THOBRAEC I\ T, HED500mg/
kg P 5B CHFFRER D ANE R 232 D fe 2d, K3
W TH CREEARD D e - fe i
RTOKREIHEB B\ T bR & OFICER
b b hish - o (Table 20, 21) .

(b) IMyEEALFRE

[\ R 1) A RER R Table 22, 23 1@
WL TR, HERTRTIEIMOBUN, i
#oHOGOT, GPT kL0t alkalinephosphat-
ase ICEENTRD L IcH, RIEHIRIK THICE



FHBUNIKBROMMEE CREL, FE%
BRDONIEN 5T LML, GOT, GPT%k
X 0% alkalinephosphatase o f{f (%, [E18{HH 25
LoD b DDOFELCERTHEFTCELTE M
L, WP LOMICHEEE R bR, il
DREFHHIC ST, WEB L oMIcERIIR
Dbl s T,

5. [EZREE R X OYREALR AR

(a) AR

fiti, FF, BCAOhIBED S il &, ik
DAICIERIE, REEWIRR THRICE 5 0 X
nigh -z,

(b) [EZREZER L OREHNER (FEL)
EIEREBRIC K 2 asE R % Table 24, 251,
th#EH X Table 26, 27 wRL 7, EBRERT
3, WS LOREHO LT RO oun T
bAEBOERIADL L) -7 L, KhE
iz s Tl o> 500 mg,/ kg e 5-FE T, AT ZIC
HREOWEMAED B i,

(c) JREMRREAFT R
WFROBEERFICH T, R E ERNR
HHIT, FFELTREFIHILIh 5 7o,

z B

Terfenadine (TFN) #SD 5 v b & kg4
b 1 H&E50mg, 125mg, 250mg s X ¥ 500 mg#,
Thxhl » ARG L ciad % 4 R B
L, 250 mgFs X OF 500 mg kg #e B O [E1E RER A
PR SN i

FDRER, TENOEYH D IEGEOH I
WCEbt-> THREINHTRL, B8, FFEEE
TTHotco THEUSMTIETF NN & BE
DY NS L DI,
TFN#EHCL - TREIhic—ieREE (L D
FEheb DL LT, REMMOME F 223wy,
FHERGR O, B, $KED D0 T f, B
E, AEMTH 7o ChDOBEINBEZCHD
bhicoix, 500 mg,/ kg5 REOMEREICIEL T
Wi,
SIS IEE L e b 1% 500 mg kg $ 5
FEOMERE 2 Bl Do TH 5 7oy, WL - TF

107

285

LW EREE D fs L OFRHE Bum oW & 3 1o,

LovL, HEIBRICE BRTRND IR 2R
Protetosd, FESAELGARBRIFICL D, 5
LI ECERTALDEELZD D, ThbDZ
LB TFN&REDMEERD, SEHERO TR,

BiE, mHMd 2 XTFHOHBEE, e, H
BRI S v TG LT\ B 2 LB B 0
ThHhb, LnL, WhkbEHKCISD b Dt
o, TOBWFIIARBETH S,

Ml < 2icBI L ik, ERCHSVCTRAHE
500 mg kg $5-FF DMEHETHIINAII 23 % B A 7o,
ZDZ LR, RKERCRKEREHNALAIL N
ENDHREBICL2BLEELORD, Ll
e, 500 mg, kg - REMERE O A E T B\ T
o aing, 500 mg, kg ¥ 5Bt DT EE
BORELHEMARDL R, FhEd, HEM
A 7T RS & SREEL AR D B g »
DT, ZhLHOIEAMHAIX, TF NIEENC
HREFER A LoDy, HBHWIETFNO KRR
G EHRENFLIETFLALZ ECED
RIS DI DI RHTH D, 2 B DRI
fHlfe T#: (EERBRE) Th, ZhbfEkCs
FHEIENRR LRI - e ENBKB DT O
Ted EIFEZIT Ve THRIZOWTIE, A1
BMETHShD, Mok, WEROFEBREBMITOWLT
DFERIAHTH %, 1, HEERFENFTRIC
BT, TR, HERELIT -0, ER
fifi, Bifi gt & 5 W XRESTE R ARSI GRS B L e
2 ZOBBETFENOEECILLDERS &
D, BHRIELTO XA OB LD LD & E
ZIHNEBRTHS 5,

MEFRREIC ST, BEREOMINC LD
75 o THFhEBROBE OB ItER 2R L 7chs, Zh
VIR 78 SR S e REEMEEL E LT L b — %
Liguwics, ZhicBidL b lizEZrbhrt
[

HERAELERRECHS VT, HOBUN B LW
DGO T, GP T3 Lo alkalinephospha-
tase OWEICHEM BB D I, HED250mg,/
kgts L 0V 500 mg ke 5B ICk1HH5 B UN @ 1
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7t Tishb, MAPRRS OFEILBEEOET

L ICARGBFREOWD WRBE IS0, [EE
R TR BB OEOME FTH LA Z &,
70, JREFHIRT R CRENEILH D b his o
SleZ kicENnD, Zo AT —BR 7 BRER K
BrrsbortErzbhb, ¥, GOT, GP
T* X ¥ alkalinephosphatase o EHi%, —
REFEEELZ B LD TH B, HEFHIFTR
CEWTHICTF NI 28 EELEE
bhishotc, FThEd, gkt 500 mg, kg
B G- REMERE D P I 3 X O 500 mg, kg I G- BED
FHEACTRLWEMML Tk, Fi, EERER
BITRKNTh, ThbOA(LEFTRITEEAY R
LicZ Lig&Enb G EH T LTS 2
DEBEYRITTLIDOTHA5, b, REXT
FNoOZEFEI T ICHCIMER B v,
72, ROT7 AR VLA RLIC, ZDZ &,
HCO;™ BRIROMH 2k L, Krf~o HCOs™
HEtic & 4 7 > T Nat, K* o X O R
BHOWINAFEIND, LchioT, TEFNMRK
HE VSV S nDEREZRIEL TW5H 2 & A
REIN5,

KBIZ, ThETRTE—ReE, IMmEs
E%RIPT R, SREERFAIRT RE 0L X, [E1E
HRERWEH 2B L THEINDSDTH > 22,
i > 500 mg,/ kg e 5 BEIC b M 7o transami-
rase ¥ X" alkalinephosphatase o | #11,
Z OHIMIAIC B\ CTIEFEA~DEIE 2 55 3,
WEARBEOREYET 25D TH - o ¥
7o, HERIAZERITVLDOLEBbRS, UL
DESHHEREERCAND L, TFNOKEE
250 mg, kg LA Cixe &R, ML LERRT
REIOC—HRECELCEE S IIET &N
EhDThitnbD LRI NS,

i W

SDJ v b %HWT, Terfenadine (TFN)
50mg, 125mg, 250mg¥s L O8N 500 mg, kgd 1 » A E
FekE 0¥ 5 X A a M E Rk X OEHE R B
R, UTFoMHxE .

1) TFNoO#H, ToEEMNERCEES
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Fig. 4 Changes in body weight of male rats receiving TFN for 1 month
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Fig. 5 Changes in body weight of female rats receiving TFN for 1 month
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.

S sroos J00 4 S 4 4 4 e y 1 v
Photo a) The thymus of male rat (control) : Photo b) The thymus of male rat (TFN
No abnormal findings (x 100) 50mg, kg p. 0.) : No abnormal findings (x 100)

Photo ¢) The lung of male rat (control) : Photo d) The lung of male rat (TFN 500mg
No abnormal findings (x 200) /kg p. 0.) : No abnormal findings (x 200)
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Photo e) The liver of male rat (control) : FN 250mg
No abnormal findings (x 200) kg p. 0.) : No abnormal findings (x 200)

Photo g) The kidney of male rat (control) : Photo h) The kidney of male rat (TFN 500
No abnormal findings (x 200) mg kg p. 0.) : No abnormal findings (x200)




Photo 2




Photo 4
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Photo 5

Photo 6
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T B F HE % W

Photo 1 : T F N 500 mg/ ket 5-piefiti it B T &
%o MfifaBEDMANC A & 5 Khtila B Ml (Gac)
Th 5o il A hRETEBR E » F 17
L, MEPNRENEETHD, (X15,200)

Photo 2 : Photo 1 & [RIKEIC 500 mg, ket 5o HEfiti oD
FiRTH %, Ml (As) X, RPIEM chififfa b B
fla (Sac) WX THERTVS, EMME DN
fa (Ed) &oRC3HEER (Bm) 2AET %,

(X 15,200)

Photo 3 : T F N 500 mg, kg#k 5- D i o it T H
Bo Vv (L) EEEEL, TolMu#Es X5
L THIERIfD R, A b b, (X 4,750)

Photo 4 : Photo 3 X [E#EIC 500 mg, kg5 o it 5
EoFRTH D, Vv B (L) ofuciEME (P)
LR AN EEALN LY H 5,

(X 4,750)

Photo 5 : TFN 50008/ kelx GoH D T & T &
%o Ml PR LEEME DO %8O /b kL
(Sg) , Hm/Matk (rEr) 2HELTW5, Thb
DT ITARGE S AR D, (X5,700)

Photo 6 : Photo 5 OFEIkKTH %, BT 13K
/bt (rEr) 25EL, KRk (M) bBETH
o NEDSTA VvV —2a (Ly) bAbhb, %,
MR RSB ORI SWIERL (Sg) 2HERIL M
AL HabR5, (X15,200)

Photo 7 : T F N 500 ng/ kgt 5-ifffiFo pr & T &
bo Zo0METAMMEANAR b B, K Kk
(rEr) 3% (N) I PTRARCEEL, KRRtk
(M) BEMAFD L DL, ThbO/NFEDRIC
7Y 2= v ER (G BEEIRALR S,

(x 5,700)

Photo 8 : Photo 7 DIk KTH 5. RafAPICidikL
t (M) |, PRy A m 3 E Mgk (rEr) , 2
= — vk (Gl), microbody (Mb) 7¢&aiAb
hb, EFCRBERE,ND D, (X15,200)

Photo 9 : T F N 500 ng,/ ket 5- oM E g it ¢ H
Do VIALFRMINAYE bR oMl AL I T, 2 K R
(Bm) ®X XA THIEEBMME (Ca) & WK #MAa
(Ed) mhbhb, SRS b2 L
TWwb, BUBERE (BF#H& L2k (Vaco) ,
54vv—a (Ly) 8ENHbRD, (X4,750)
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Photo 10: Photo 9 Dk kTh 5, BAKKT, £
MM EE XS X v Ecfifa (Ep) 3 X070 B %
o (Fp) , ikt L 7c&KEK (Bm) , HEflfao
W@ (Ed) o3@Xnicsh, REROEE, BER
IR G b A bRV, (X15,200)
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