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CHANGES IN PHYSIOLOGICAL REACTIONS TO A
HOT ENVIRONMENT INDUCED BY CLIMATIC
CHANGE AND PHYSICAL TRAINING
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Abstract: TFifteen young male Japanese athletes and 15 young male Japanese
non-athletes in the sitting-resting position were exposed to a hot environment in winter
and summer. Sweating was induced in a climatic chamber of DBT 30 C with 70%,
relative humidity by immersion of both legs just below the knees in the stirring water
bath of 42 C for 90 min after sitting in a chair at rest for 30 min in the chamber.
The maximal oxygen uptake, record of 100 m dash and back strength were measured on
16 subjects in summer. Both athletes and non-athletes showed a similar and clear seasonal
variation of sweating reaction. Sweating reaction in summer was characterized by a
lower salt concentration in sweat in spite of a larger sweat volume. The rise in rectal
temperature for both athletes and non-athletes in summer was smaller than that in winter.
Athletes showed a smaller sweat volume, lower salt concentration in sweat and smaller
rise in rectal temperature than non-athletes both in summer and winter. Heat tolerance
of athletes was superior to that of non-athletes in both summer and winter when the heat
tolerance was assessed by our index I for the assessment of heat tolerance. A definite
tendency towards a small rise in rectal temperature and superior heat tolerance for sub-
jects with lower salt concentration in sweat at a given sweat loss was observed. Positive
correlations of heat tolerance to maximal oxygen uptake, the speed of 100 m dash and
muscular strength were observed and heat tolerance was more closely correlated to maximal
oxygen uptake than the speed of 100 m dash and muscular strength. The reasons for
superior heat tolerance of athletes and the subjects with lower salt concentration in sweat
were discussed.

INTRODUCTION

Evaporation of sweat from the skin is the main way of dissipating body heat
when men are exposed to a hot environment (Kuno, 1934). It is generally agreed
that unacclimatized subjects have a marked rise in rectal temperature due to a
slower onset of sweating and the lower sweat rate (Kuno, 1956; Bass, 1963). How-
ever, certain adaptive changes in sweating reaction are observed when unacclimatized
subjects are repeatedly exposed to heat. After successive heat exposures it has
always been found that the subjects sweat more readily and more profusely (Robinson
et al., 1943; Adolph, 1946; Belding and Hatch, 1963; Dill et al., 1938, 1967). These
adaptive changes in sweating reaction gradually disappear after the cessession of
heat exposure (Robinson et al., 1943; Adam et al., 1960; Bean and Eichna, 1943;
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Wyndham and Jacobs, 1957; Williams et al., 1967) and several investigators reported
that man sweats more promptly and more profusely in summer than he does under the
same environmental conditions in winter (Kuno, 1956; Ohara, 1966). Contrary
to this, tropical natives sweat less while immigrants to the tropical zone sweat more
when they are exposed to the same strong heat stress (Kuno, 1956; Wyndham et al.,
1964). It is well known that the temperature regulatory responses of sweating and
cardiovascular changes are observed during strenuous physical training (Robinson,
1963) and unacclimatized subjects acclimatized rapidly to heat by daily exposures
to a combination of hard work and the hot environment (Robinson ¢t al., 1943 ; Bass,
1963). Some investigators reported that the work and heat stress imposed on the
untrained men resulted in the more severe physiological strain when compared with
that of the trained men (Bean and Eichna, 1943; Robinson ¢t al., 1943; Lind and
Bass, 1963 ; Piwonka and Robinson, 1965). Thus it is of interest to study how climate
and physical training may relate to sweating reaction and heat tolerance of men and
how work capacity may relate to heat tolerance. Recently we proposed to assess
heat tolerance of the subject by a simple numerical index involving relative rise in
rectal temperature, relative water loss and relative salt loss (Hori et al., 1974). In
the present study, an attempt has been made to examine the effect of climate and
physical training on the physiological responses to heat and to compare the heat
tolerance of athletes with that of non-athletes in winter and summer by using our
indeces for the assessment of heat tolerance.

MATERIALS AND METHODS

Fifteen young male Japanese athletes and 15 young male Japanese non-athletes
were exposed to a hot environment at rest in winter and summer. Each subject
dressed in shorts only and sat in a chair at rest in the climatic chamber of 30 C with
709, relative humidity for 30 min. Then, they immersed both legs into a stirring
water bath of 42 C until the level of water was just below the knees and stayed there
for 90 min. Local sweat samples from the chest and back were collected by the
filter paper method during each 15 minute period. The local sweat rate was de-
termined by weighing filter paper covering 12.6 cm? of the skin area (Ohara, 1966).
The filter paper was eluted and sodium concentration in sweat was determined by
the flame photometry. Sodium concentration was used to calculate salt loss. Body
weight was measured before and after each experiment with an accurary of 4-5 g and
the net body weight was calculated by subtracting the weight of the shorts. Rectal
temperature was recorded continuously by copper-constantan thermocouples before
and during the experiment. To assess the heat tolerance of the subjects, we express
physiological strain by the combination of relative rise in rectal temperature, relative
water loss and relative salt loss, using the final value of these three factors as those
which causes heat stroke (40.6 C), water depletion heat exhaustion (7%, of body
weight) and salt depletion heat exhaustion (0.75 g/kg of body weight) (Leithead and
Lind, 1964).

The indices for the assessment of heat tolerance are calculated as follows:

Index I=JA2+B%24C?
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Index S=¢T2§_——W
A= ST
B=rr
C= 075 5777

where: 4W=weight loss at the end of the experiment (kg)
W=initial body weight (kg)
T=rise in rectal temperature at the end of the experiment (C)
Ti=initial rectal temperature (C)
Q=0.058x 4W x C
C=the mean sodium concentration of local sweat (mEq/L)

To examine the relation of three qualities of physical performance i.e., endurance,
speed and muscular strength to heat tolerance, the maximal oxygen uptake, record
of 100 m dash and back strength for 16 subjects were measured. The maximal
oxygen uptake was determined by a bicycle ergometer exercise.

REsuLTs
Table 1 shows body weight, body weight loss, initial rectal temperature, rise

Table 1 Comparison of changes in body weight, rectal temperature and mean
sodium concentration in athletes and non-athletes in winter and summer

winter summer

athletes non-athletes athletes non-athletes

W (kg) 59.745.2 59.6-4.0 62.9+4.4 57.64+4.5
AW (k bkl fofokolS ol *Exs
(kg) 0.48-+0.08 0.62+0.11 0.68+0.14 0.79-0.10

T (C) 37.4+0.3 37.54+0.4 37.340.3 37.440.3
ERT T %5 FHRKS *KS
4T (C) 0.584-0.12 0.6740.16 0.4440.13 0.53+0.14
T (mEq/L) 56.3+12.5 65.9417.3 45.8420.8 50.8£17.6

W: Initial body weight
4W: Body weight loss
T: Initial rectal temperature
4T: Rise in rectal temperature
C: Mean sodium concentration in sweat
Mean values are given with their standard deviations
*G: Significant difference between athletes and non-athletes
*S: Significant difference between winter and summer in the same group
*:  at 59 level
ke at 29, level
k¥ at 19, level



96

in rectal temperature at the end of the experiment and mean sodium concentration
in local sweat of the athlete group and non-athlete group in winter and summer.
The mean values of weight loss in the athlete group were significantly smaller than
those in the non-athlete group in both seasons. The mean values of weight loss
of the two groups were significantly smaller in winter than in summer. The athlete
group showed considerably smaller mean values of rise in rectal temperature in winter
and summer when compared with those for the non-athlete group. However, these
differences were not statistically significant. In both groups, the mean values of
rise in rectal temperature in summer were significantly smaller than those in winter.
The mean values of the mean sodium concentration in local sweat were 56.3 mEq/L
for the athlete group in winter, 65.9 mEq/L for the non-athlete group in winter,
45.8 mEq/L for the athlete group in summer and 50.8 mEq/L for the non-athlete
group in summer. Although the values for the athlete-group were fairly lower than
those for the non-athlete group in both seasons and value for the athletes group in
winter was higher than that for the athlete group in summer, there were no statisti-
cally significant differences between them. The non-athlete group showed
significantly higher mean value of the mean sodium concentration in local sweat in
winter than in summer. The mean values of heat tolerance indices and their com-
ponents for both groups in both seasons are shown in Table 2. The athlete group
showed significantly lower mean values of index I and their three components in
both seasons. Both groups showed significantly lower mean values of relative water
loss in winter than in summer and significantly higher mean values of relative rise in
rectal temperature and § value in winter than in summer. Relative salt loss for both
groups in both seasons were plotted against relative water loss for both groups in both

Table 2 Comparison of heat tolerance indices and their components in athletes and
non-athletes in winter and summer

winter summer
athletes non-athletes athletes non-athletes
FEXG FEEG XX XEXG
A *KX S %5k S HkkS *kkS
0.1174-0.023 0.1514-0.032 0.1554-0.034 0.1954-0.025
%q %G %G %G
B *Kok #x% S *kk 8 *%% 8
0.1834-0.036 0.2154+0.048 0.1334+0.040 0.165+0.040
*EKG FXKG *Q *G
C 0.0364-0.012 0.054+0.018 0.0394-0.019 0.0554-0.021
FEXG *XEG *EFG *XEG
I 0.223--0.034 0.2734+0.036 0.2154-0.037 0.2654-0.027
S 1.514+0.44 1.424-0.59 0.8740.33 0.814+0.24
A: Relative water loss
B: Relative rise in rectal temperature
C: Relative salt loss
I: Heat tolerance index
S: Heat tolerance index, effectiveness of sweating
Mean values are given with standard deviations
*G: Significant difference between athletes and non-athletes

*S: Significant difference between winter and summer in the same group
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Figure 1 Correlation between relative salt loss and relative water loss.
@ : Athletes in winter, : Athletes in summer, A: Non-
athletes in winter, A : Non-athletes in summer, +: Mean
value, A: Athletes, N: Non-athletes, W: Winter, S:
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Figure 2

seasons in Figure 1.

Relative water loss

Correlation between relative rise in rectal temperature and
relative water loss.

Symbols are the same as Figure 1.

In both seasons, points for athletes were located in the lower

left region when compared with those for non-athletes. Points for both groups in
summer were located in right region and tended to scatter more widely when com-
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pared with those in winter. Relationship between relative rise in rectal temperature
and relative water loss is shown in Figure 2. Roughly speaking, points for both
groups moved into right and low direction in summer and points for athletes tended
to locate in the lower left region in both seasons. The values of the index I for both
groups in both seasons were plotted against those of S for both groups in both seasons
in Figure 3. In this Figure, parameter « indicates various levels of iso-sweating

/q=025 a=02 a=015
A

o
w

Heat tolerance index !
o
N

o
=

L R L 1 1

05 10 15 20 25
Heat tolerance index S

Figure 3 Correlation between heat tolerance indices I and S.
Symbols are the same as Figure 1.
a: Parameter indicating various levels of iso-sweating

lines which are drawn by connecting mean value of
4(14-C*|A4%)1/2 (Hori et al., 1974).

lines which are drawn by connecting the points of the same value of A(1+(C?/A42)1/2
(Hori et al., 1974). Points belonging to athletes were located in the lower region
than those belonging to non-athletes in both seasons and points in the summer ex-
periments were located in the left region when compared with those in winter
experiments. That is, the value of parameter a was smaller in athletes than in non-
athletes and was smaller in summer than in winter. Figure 4 shows the relation of
sodium concentration in sweat to rise in rectal temperature and value of the index I.
Higher sodium concentrations in sweat at a given sweat rate were accompanied by
higher rise in rectal temperature and larger absolute value of the index 7 at different
sweat rates. At the 4W/W ratio of 11-149,, lower sodium concentration group
showed significant lower rise in rectal temperature and significantly lower value of
index I than higher sodium concentration group. These facts indicate that changes
in sweat sodium concentration relate to adaptative changes in thermal regulation in
man. Table 3 shows the values of maximal oxygen uptake, record of 100 m dash,
back strength and the index I for 16 subjects obtained in the present study and corre-
lation of the I value to three qualities of physical fitness i.e. maximal oxygen uptake,
the speed of 100 m dash and muscular strength. The mean values of maximal
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Figure 4 Comparison of rise in rectal temperature and value of heat
tolerance index I in subjects of lower sodium concentration
with those in subjects of higher sodium concentration.

O: Rise in rectal temperature
B: Value of heat tolerance index 1

Vertical bars indicate standard variations
*: Significant difference between subjects of lower sodium
concentration and those of higher sodium concentration
*: at 5% level
: at 2.5% level

Table 3 Maximal oxygen intake, record of 100 m dash, back strength and the value of index I

Maximal Record of Back
oxygen uptake 100 m dash strength index I
(m!/kg-min) (m/sec) (kg)
Max. 47.5 7.58 181 0.267
Min. 30.8 6.76 108 0.149
Mean 41.7 7.13 152 0.217
S.D. 5.3 0.25 17 0.030
Correlation
Coefficient™ —0.55 —0.47 —0.15

* Correlation between the value of index I and maximal oxygen intake, record of 100 m

dash and back strength.

oxygen uptake was 41.7 m//kg-min with a range of 30.8 m//kg-min to 47.5 m//kg'min.
The record of 100 m dash ranged from 6.76 m/sec to 7.58 m/sec and its mean value

was 7.13 m/sec.

The average back strength was 152 kg ranging from 108 kg to

181 kg. The mean value of the index I for 16 subjects was 0.217 with a range of

0.149 to 0.267.

Heat tolerance assessed by our index for the assessment of heat toler-

ance was more closely correlated to maximal oxygen uptake than the speed of 100 m
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y = -0.00314x + 0.348

y = -000372x +0.367

03r r = -0.55 r=-07
n=16-—---—- n=15 (x is omitted)
*eo
= SN
T 021 -
L J .. -
°
1 1 1 J
30 40 50
Oxygen uptake (mli/kg/min.)
Figure 5 Correlation between heat tolerance index I at rest and

maximal oxygen intake.

Heat tolerance was assessed by Ohara’s sweat test and
maximal oxygen intake was determined by bicycle ergo-
meter exercise.

dash and muscular strength. Relationship between values of heat tolerance index
and those of maximal oxygen uptake was shown in Figure 5. A fairly good cor-
relation was found between them, the correlation coefficient between them was
—0.55 and this value was —0.71 when one exceptional case was omitted. The fol-
lowing regression equation was obtained when one exceptional case was omitted y=
—0.00372x+4-0.367, where y represents the value of maximal oxygen uptake (ml/
kg-min), while x that for heat tolerance index.

Discussion

Significantly smaller mean values of sweat rate and considerable lower mean
values of rise in rectal temperature for athletes in winter and summer than those for
non-athletes are shown in Table 1. The circulatory system and the subcutaneous
fat play an important part in thermal regulation in man (Bass, 1963; Edholm et al.,
1956; Stoll, 1967; Houdas et al., 1972; Buskirk et al., 1965). Metabolic heat is
principally transferred by the circulatory system from the core to the skin and the
subcutaneous fat prevent heat transfer from the core to the skin when the net heat is
transferred from the body to the environment. The cutaneous blood flow facilitates
to dissipate heat and the subcutaneous fat keeps heat from dissipation under the
condition used in the present study. The cardiovascular system of athletes is
generally found to be superior to that of non-athletes and many investigators reported
that mean skinfolds were thinner in athletes than in non-athletes (Nagamine ef al.,
1966). The thickness of the subcutaneous fat decreases by physical training (Pascale
et al., 1955) and increases following the cessession of physical training (Parizkova,
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1959). From the above account, the smaller sweat volume and the lower rise in
rectal temperature for athletes in both seasons might be interpreted as the result of
their superior capacity for heat dissipation without sweating when compared with
non-athletes. Significantly smaller mean values of relative rise in rectal temperature
and relative water loss for athletes in both seasons were reflected by the significantly
smaller rise in rectal temperature and smaller sweat loss for athletes in both seasons
respectively. 'The athlete group showed significantly lower mean values of relative
salt loss than the non-athlete group in both seasons. These differences resulted from
smaller sweat volume and lower salt concentration in sweat for athletes in both seasons.
The value of our index I for the assessment of heat tolerance is expressed by the
combination of relative water loss, relative rise in rectal temperature and relative
salt loss. It follows that the mean values of the index I for athletes in both seasons
were significantly lower than those for non-athletes. Essentially the same temperature
regulatory responses of sweating and cardiovascular changes induced during heat
exposure are observed during physical training (Robinson, 1963). Therefore,
smaller magnitude of strain in terms of three components of index I for athletes and
superior heat tolerance of athletes assessed by our index I might be interpreted as the
effect of heat acclimatization acquired through their daily strenuous physical training.
It is well known that sweat rate is higher and salt concentration in sweat is lower in
summer than winter (Ohara, 1966; Kuno, 1956). In both groups, sweating reaction
in summer was characterized by a lower salt concentration in sweat in spite of a higher
sweat rate, while the rise in rectal temperature in summer was smaller than in winter.
Increase in sweat rate is accompanied by increased evaporative heat loss and it is
expected that a smaller rise in rectal temperature might be caused by more profuse
sweating. However, athletes showed a smaller rise in rectal temperature and smaller
sweat loss than non-athletes in the present study. As already described, one of the
reasons for less sweat loss and smaller rise in rectal temperature for athletes might be
their superior capacity for heat dissipation without sweating. As shown in Figure 3,
values of parameter a for athletes were markedly smaller than those for non-athletes
in both seasons while difference in the value of § was small between two groups.
Smaller value of parameter a at a given value of § indicates a better efficiency of
sweating for heat dissipation. Therefore, difference in the effectiveness of sweating
for cooling the body between athletes and non-athletes could be considered a possible
cause of smaller sweat volume and smaller rise in rectal temperature for athletes.
The magnitude of evaporation of sweat is dependent on the degree of wetness of the
skin and the difference in vapor pressure between the skin surface and the surrounding
air. The amount of evaporation from the skin is increased by the increase in the sweat
rate until the skin surface behaves as a completely wet surface. Sweat secretion
varies considerably in amount in different parts of the skin surface (Weiner, 1945).
Hofler (1968) reported that a shift of sweat distribution toward the limbs was observed
during heat acclimatization and he suggested this shift implied a better utilization of
large surface areas with most favorable evaporative conditions. Increase in the
sweat rate represents only wasted sweat after the complete wetness of the skin surface
is brought about. Moreover, increase in salt concentration accompanied by the in-
creased sweat rate (Kittsteiner, 1911) reduces the difference between the vapor
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pressure of water on the skin surface and that in the air. The decreased evaporation
of sweat caused by this reduced vapor difference facilitates to rise in body temperature.
Rise in body temperature induces more profuse sweating and higher salt concentration
in sweat thus a vicious circle in terms of thermal regulation arises. Relation of
sodium concentration in sweat to the rise in rectal temperature and value of the
index I at a given ratio of body weight loss to initial body weight is shown in Figure 4.
At the lower value of 4W/|W ratio, a slight but insignificantly higher values of rise in
rectal temperature and the index I for higher sodium concentration group might be
interpreted that the amount of evaporation of sweat from the skin depended mainly
upon the percentage of the wetted skin area determined which is usually proportional
to sweat volume at the low sweat rate. In cases of high value of 4W|W ratio, the
higher sodium concentration group showed higher rise in rectal temperature and
higher value of index I than the lower sodium concentration group. These differences
might be caused by better utilization of the skin surface wetted, lower salt concen-
tration in sweat and superior capacity for heat dissipation without sweating usually
observed in heat acclimatized subjects. In both transitory adaptation to heat and
long term heat acclimatization, it has generally been found that the sweat salt
concentration decreased at a given sweat rate as men acclimatized to the hot
environment (Dill ez al., 1938, 1967; Kuno, 1956). Based on the account described
above, Kuno (1956) suggested that the level of chloride concentration in sweat might
be a reliable indication of adaptation to heat. Ohara (1968) used four types of
sweating pattern classified according to the local sweat rate and salt concentration in
sweat to assess heat tolerance. He compared sweating types with other physiological
responses to heat, and concluded that his sweating type 4, low sweat rate — low salt
content type, was most tolerant to heat. The correlation of Ohara’s sweating types
to our index for the assessment of heat tolerance was studied by us and we confirmed
Ohara’s conclusion concerning relation of salt concentration in sweat to heat tolerance
(Hori et al., 1974). Superior heat tolerance of athletes to non-athletes observed in
the present study strongly suggested that heat tolerance might correlate to physical
performance. We compared heat tolerance assessed by our index with three qualities
of physical fitness. The results obtained in the present study showed heat tolerance
was more closely correlated to maximal oxygen uptake than the speed of 100 m dash
and muscular strength. It is well known that rank order of ability to perform a
task changes sometimes as ambient temperature rises from comfortable to hot. It
is assumed that heat tolerance is one of the important factors determining the ability
to perform a task in hot environments.
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ADAPTIVE CHANGES IN PHYSIOLOGICAL RESPONSES
TO HEAT AND HEAT TOLERANCE INDUCED BY
DAILY EXPOSURE TO A MODERATE WORK
AND ENVIRONMENTAL HEAT

Serk1 Hori
Received for publication 4 May 1977

Abstract: Eight male subjects, ages 19 to 21, were exposed to a combination of
exercise and environmental heat for 15 successive days in autumn. Muscular exercise
was performed on a bicycle ergometer at constant work load of 600 kg-m/min at the cycling
rate of 50 rpm for 60 min in the room of 30 C 709, relative humidity. Sweat test was
done on the first, 5th, 10th and 15th days. Sweating was induced by immersing both
legs just up to the knees into a water bath of 42 C in the climatic chamber of 30 C with
709 R.H. for 90 min. Rise in rectal temperature and increase in heart rate induced
by a given heat stress decreased progressively throughout heat exposure. Body weight
loss increased during the first 5 days, thereafter showed a trend to be smaller. Sodium
concentration in sweat at a given sweat rate decreased during heat acclimatization. The
mean value of heat tolerance index /, the magnitude of disturbance induced in the body
concerning thermal regulation and water-electrolyte metabolism, continued to decrease
during heat acclimatization. The mean value of heat tolerance index S, effectiveness
of sweating, increased during the first 5 days, thereafter decreased.

In conclusion, improvement of heat tolerance accompanied by reduction of dis-
turbance of thermal regulation was induced at the cost of increase of disturbance of
water-electrolyte metabolism during the early period of heat acclimatization and
disturbance of thermal regulation as well as water-electrolyte metabolism decreased
progressively during the late period of heat acclimatization.

INTRODUCTION

Unacclimatized individuals are limited in the amount of task they can perform
when exposed to a heat stress (Robinson ef al., 1943). They are characterized with
marked cardiovascular strain and a marked rise in body temperature when compared
with acclimatized men (Taylor et al., 1943; Piwonka et al., 1965). However, certain
adaptive changes occur as they acclimatized to work in hot environment. A marked
lessening of cardiovascular strain as indicated by a small increase in heart rate and
lower rise in core temperature due to an earlier onset and increased capacity of their
sweating response were observed after successive exposure to a combination of hard
work and environmental heat (Ladell, 1951; Lind and Bass, 1963; Piwonka et al.,
1967). These adaptive changes in physiological responses to heat gradually disappear
over several weeks after the cessession of heat exposure (Williams et al., 1967).
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Large metabolic heat of the subjects produced in the body must be dissipated
into the environment by evaporation of sweat even in cold and warm environment
when they take exercise (Robinson, 1963; Piwonka et al., 1967). Therefore, the
adaptive changes in the physiological responses to heat exposure may be facilitated
by exercise. Wyndham and William (1967) have used a rise in rectal temperature
of the subject as an index of heat tolerance. Kuno (1956) suggested that the chloride
concentration in sweat could be used as a reliable indication of degrees of adaptability,
or tolerability of the subject to hot weather. Obhara (1967) used his sweating types
classified according to the local sweat rate and salt concentration as indicators of
relative evaluation of heat tolerance among individuals as well as populations.
Sweating response is associated with a rise in body temperature when the subjects
are exposed to a hot environment and remarkable variations in sweating responses
are shown in relationship to a rise in rectal temperature. It should be emphasized
that both sweating response and increase in body temperature should be taken into
consideration to assess the heat tolerance.

It is well known that heat disorders may be classified into three categories
according to their causes, that is water-depletion heat exhaustion, salt-depletion
heat exhaustion and heatstroke caused by a marked rise in core temperature
(Leithead and Lind, 1964). However, heat disorders result from a combination of
water loss, salt loss and a rise in core temperature. Recently we proposed a simple
and reliable heat tolerance index involving these three factors (Hori et al., 1974).

"To assess the heat tolerance of the subject, we express physiological strain induced
in the body by the combination of relative water loss, relative salt loss and relative
increase in rectal temperature using the critical values of these three factors. The
concept we have developed with regard to heat tolerance index appears to provide
a reasonal basis for studying the change in heat tolerance of the individual induced by
heat acclimatization (Hori et al., 1975). 1In the present paper, we attempted to
study adaptative changes in physiological responses to heat and heat tolerance of
unacclimatized individuals induced by daily exposure to a moderate work and
environmental heat.

MATERIALS AND METHODS

Eight unacclimatized male subjects, ages 19 to 21, were exposed to heat every
afternoon for 15 successive days in autumn. Sweat test was done on the first, 5th,
10th and 15th days. On the other days, subjects clad in shorts performed muscular
exercise on a bicycle ergometer at constant work load of 600 kg'm/min at the cycling
rate of 50 rpm for 60 min in the climatic chamber of 30 C with 709, relative
humidity. Sweat test was performed as follows.

The subjects, clad only in shorts, sat for 30 min in an air-conditioned room
of 30 C dry-bulb temperature with 709, relative humidity. The subjects, sitting
in a chair, then dipped their legs to just below the knees into a stirred water bath
of 42 C in the climatic chamber maintained at 30 C with 709, relative humidity
and stayed for 90 min in the climatic chamber.

Body weight was measured with an accuracy of +5 g before and after experiment
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and the net body weight was obtained by subtracting the weight of the dry and wet
shorts before and after each experiment. Local sweat rates and sweat electrolyte
concentrations of the chest and the back were determined by the filter paper method.
After the skin areas for sampling were washed with distilled water, the area of the
skin covering 12.6 cm? was covered with a sweat capsule by using collodion solution.
Sweat was absorbed by a prewashed filter paper at 15 min intervals during the
two hour heat exposure. Sweat volume was determined by weight difference of
dry filter paper from that after absorption of sweat.

To estimate the concentrations of electrolytes in sweat the filter paper was
diluted with distilled water and the sodium concentration in the sweat was determined
by flame photometry. The sodium concentration was used to calculate the salt loss
in sweat. Heart rates were obtained from the electrocardiogram. To assess physio-
logical strain induced in the body, we express strain by the combination of relative
rise of rectal temperature, relative water loss, and relative salt loss, using the critical
values of these three factors as those which cause heatstroke (40.6 C), water depletion
heat exhaustion (7%, of body weight), and salt depletion heat exhaustion (0.75 g
per kg of body weight). The heat tolerance indices / and § were calculated as
follows:

Heat tolerance index I=4yA24 B2} (?

Heat tolerance index § (effectiveness of sweating) :%’-m~
AW 4T . Q
A=po0rxw: P=wme-Ti: =omxw

Where:  W=Body weight before the experiment (kg)
4W=Weight loss at the end of the experiment (kg)
Ti=Rectal temperature before the experiment (C)
4T=Rise in rectal temperature at the end of the experiment (C)
Q=0.058 x 4W x C (g)
S CeiVei  $.ChiVbi
C=0.5x% < : ! >

+
le Ve Zl: Vbi
Vei, Vbi=local sweat rates at each 15 min period from the chest and back
respectively
Cei, Chi=sodium concentrations in sweat samples from the chest and back
respectively (mEq/L)
Weight loss through respiratory passages was so small when compared with that of
weight loss that we used net body weight loss as the volume of sweat loss.

ReEesuLTs

The physical characteristics of subjects are given in Table 1. Changes in body
weight loss, rise in rectal temperature, mean sodium concentration in sweat, salt loss
and increase in heart rate during acclimatization to heat are shown in Table 2.
Evidence of progressive acclimatization throughout 15 successive days of heat ex-
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Table 1 Characteristics of subjects

Age Height B. W. B. S. A. Rohrer’s

(yr) (cm) (kg) (m2) index
Max 21.0 174.2 69.5 1.82 f 148.6
Min 19.0 162.0 52.6 1.56 99.8
Mean 19.5 168.5 61.4 1.72 128.5
S.D. 0.645 5.4 4.2 0.11 14.1

B. W.: Body weight, B. S. A.: Body surface area, S.D.: Standard deviations

Table 2 Changes in body weight loss, rise in rectal temperature, mean sodium con-
centration, salt loss and increase in heart rate during acclimatization to heat

Da aw aT | ¢ Salt loss 4P

Y (kg) (©) (mEq/L) (8) (/min)
HKKa kska
ET3Y *%b
1 0.58+0.13 0.65+0.15 54.81.15.2 1.90-+0.82 154445
5 0.68+0.14 0.50+0.13 55.3416.0 2.2321.01 12,6+ 4.8
10 0.60--0.13 0.47£0:13 54.7413.1 1.90-+0.84 11.0+3.5
% skkb *%b
15 0.52+0.11 0.46+0.11 51.3411.2 1.58+0.75 10.8+38

4W: Body weight loss, 47: Rise in rectal temperature, C: Mean sodium concen-
tration in sweat, 4P: Increase in heart rate.
Mean values are given with their standard deviations.
*a, *b: Significant difference between days of experiment
* at 59, level
*x% at 29 level

posure was indicated by continuous decrease in rise of rectal temperature and increase
in heart rate when subjects were exposed to a hot environment. The mean values
of rise in rectal temperature and increase in heart rate decreased markedly during
the first 5 days of heat acclimatization, followed by a more gradual decrease by the
last day of heat exposure. The mean values of rise in rectal temperature and increase
in heart rate were significantly higher on the first day than on the 10th day and the
15th day at 29, level. Body weight loss and salt loss increased considerably on the
5th day, followed by a decrease thereafter and the mean value of body weight loss
was significantly greater on the 5th day than on the 15th day. Changes in sodium
concentration in sweat were slight during heat acclimatization. However, mean
sodium concentration in sweat showed a trend to be lower during heat acclimatization.
Correlations between rise in rectal temperature, increase in heart rate and sweat
rate during heat acclimatization were shown in Figure 1. Rise in rectal temperature
and increase in heart rate decreased progressively after the first day of heat exposure.
However, changes in rise of rectal temperature and increase of heart rate against
sweat rate from the first day to the 5th day differed markedly from those from the
5th day through the 15th day. During the first 5 days of heat acclimatization the
ratios of rise in rectal temperature and increase in heart rate to sweat rate decreased
and these ratios remained unchanged or increased slightly thereafter.
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Figure 1 Correlations between rise in rectal temperature, increase in
heart rate and sweat rate during heat acclimatization.

A4T: Rise in rectal temperature

4P Increase in heart rate
4W: Body weight loss
4T

aw

_4p

aw

Q: Correlation between 4T and 4 W
(O: Correlation between 4P and 4 W

st

t:

P:

Circles: Drawn around the means with radiusses of standard errors
Figures in circles: Days of experiment arrows indicate direction of
changes induced by heat acclimatization.

Changes in heat tolerance indices and their components during acclimatization
to heat were shown in Table 3. The mean values of heat tolerance index I/ and
component B decreased during heat acclimatization and most of the decrease in them
occurred during the first five days. The mean value of component 4 was signifi-
cantly greater on the 5th day than on the 15th day and mean value of index I was
significantly larger on the first day than on the 15th day. The mean values of
components 4, C and v424-C? increased on the 5th day and thereafter decreased
gradually to the 15th day of heat acclimatization and mean values of component 4
and Y42+ C? were significantly greater on the 5th day than on the 15th day. The
mean value of index § decreased rapidly during the first five days of heat acclimati-
zation and increased gradually during the 5th day through the 15th day.

The mean values of heat tolerance indices I and § during heat acclimatization
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Table 3 Changes in heat tolerance indices and their components during acclimatization to heat

Day A B c V474 C? ) 1

oo *
1 | 0.134:0.033 | 0.1972-0.046 | 0.041-£0.015 | 0.140-0.034 | 1.56--0.55 | 0.244-+0.045
5 | 0.1562-0.037 | 0.152-0.040 | 0.048--0.016 | 0.163--0.039 | 1.07--0.39 | 0.227-£0.042
10 |0.13700.033 | 0.1424-0.038 | 0.038-£0.014 | 0.143--0.034 | 1.13--0.40 | 0.21540.041
15 | 0.119.0.020 | 0.139--0.034 | 0.034-0.012 | 0.124-0.030 | 1.22+-0.42 | 0.19440.040

A: Relative water loss, B: Relative rise in rectal temperature, C: Relative salt loss,

S: Heat tolerance index, effectiveness of sweating, - I: Heat tolerance index.
Mean values are given with their standard deviations.
Significant difference between days of experiment
* at 59, level
*xk at 29, level

*a, *b:

012 06

J[AC

Figure 2 Correlations between heat tolerance indices and strain in terms of water-

014

electrolyte metabolism during heat acclimatization.
I and S: Heat tolerance indices
YA® L C?: Strain in terms of water-electrolyte metabolism

b;: A parameter indicating levels of relative rise in rectal temperature
for index I

bs: A parameter indicating levels of relative rise in rectal temperature
for index §

O: Correlation between index I and Y47+ C?

3: Correlation between index § and VA2 +C?

N
Circles: Drawn around the means with radiuses of standard errors
Figures in circles: Days of experiment arrows indicate direction of changes
induced by heat acclimatization
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were plotted against those of the value of strain in terms of water-electrolyte
metabolism, Y42-+C?, in Figure 3. Contribution of relative rise in rectal tempera-
ture to the indices / and § is great and families of curves with a parameter b, the
value of relative rise in rectal temperature, were drawn for the purpose of indicating
directions of changes in correlations between heat tolerance indices and strain in
terms of water-electrolyte metabolism during heat acclimatization. As shown in this
Figure, the mean values of index 7 decreased with decrease in a parameter 6, during
the first 5 days of heat acclimatization, while the mean values of index S decreased
with decrease in a parameter by during the same period. After 5 days of heat
acclimatization, changes of correlations between heat tolerance indices and strain

in terms of water-electrolyte metabolisms occurred along the lines of the same value
of b.

Discussion

Many investigators have reported that the concentration of sweat salt increased
progressively as the sweat rate increased (Kittsteiner, 1911; Kuno, 1956). However,
after daily exposure of the unacclimatized subjects to a combination of hard
work and environmental heat the sweat rate increases while the sodium concentration
in sweat tends to decrease (Dill et al., 1938; Kuno, 1956). As shown in Table 2,
the mean value of body weight loss was considerably greater on the 5th day than on
the first day, while the mean value of sodium concentration in sweat showed slight
increase on the 5th day when compared with that on the first day. On the 10th
day, the mean value of body weight loss was greater than that on the first day but
the mean value of sodium concentration in the sweat remained the same. Thus
data in the present study indicate that changes in sweating reaction during heat
acclimatization were characterized by a lower sodium concentration in sweat at a
given sweat rate.

The mean value of body weight loss increased during the first 5 days of heat
acclimatization and showed a trend to be smaller during the 5th day through 15th
day of heat acclimatization. Most investigators reported that the process of short-
heat acclimatization accompanied with increase in sweat volume (Dill et al., 1938;
Kuno, 1956). However, Knipping (1923) reported that sweating decreased with
short-term heat acclimatization and tropical natives as well as Japanese born in
tropical zone sweated more slowly and less than Japanese immigrant to the tropical
zone (Kuno, 1956). We also reported that residents born and raised in Okinawa,
a subtropical zone, showed significantly lesser sweating than those who were born
and raised in the Japan Main Island, a temperate zone, but moved to Okinawa
when they were exposed to the same hot environment (Hori ef al., 1975). From
the above accounts, it seems certain that a discrepancy with respect to changes in
sweat rate during heat acclimatization was ascribed to the different state of ac-
climatization of the subjects and experimental periods of heat acclimatization used
in the experiment. It is evident from Table 2 and Figure 1 that the magnitude of
rise in rectal temperature and that of increase in heart rate decreased progressively
during heat acclimatization. However, Figure 1 indicates the differences in features
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of correlation between rise in rectal temperature, and increase in heart rate and
sweat rate existed when related to period of heat acclimatization.

In the early period of heat acclimatization, decreases in rise of rectal temperature
and heart rate induced by a given heat load were accompanied by a increase in
sweat volume, i.e. lessening of strain in terms of body temperature and burden on
cardiovascular system was brought about at the cost of increase in strain in terms of
water-electrolyte metabolism. It is well known that rectal temperature is dominant
factor in determing the sweating rate and heart rate at rest (Benzinger et al., 1963;
Newburgh, 1949). Consequently, the results described above indicate the sweat
center became more responsive during the early period of heat acclimatization while
sensitivity of the vasoregulatory center against rise in core temperature remained
essentially the same.

In the late period of heat acclimatization, reduction of rise in rectal temperature
was accompanied by reduction of increase of heart rate and sweat volume. These
data would suggest that changes in sensitivity of the regulation of sweat rate and
vasoregulatory response by the temperature of the core were small during the late
period of heat acclimatization. It is well known that readjustment of the cardiac
output between peripheral and central area might be brought about by the increased
level of blood flow to the skin as well as increase in blood volume as a result of heat
acclimatization (Fox et al., 1963; Williams et al., 1967; Wyndham, 1951). Thus it
is assumed that the transfer of heat, produced in the body, from the core to the shell
could be carried out by smaller increase in heart rate as unacclimatized subjects were
repeatedly exposed to heat. Some authors tended to lay more stress on the effect
of heat exposure on the sweating reaction, in so far as the stress on the body against
heat exposure was concerned (Kuno, 1956; Ohara, 1967). However, it has generally
been recognized that a marked lessening of increase in rectal temperature is observed
as acclimatization of heat proceeds. Changes in rectal temperature is, therefore,
used as a heat tolerance index (Wyndham and Williams, 1967). However, we have
often experienced conflicting results between heat tolerance assessed by using the
change in rectal temperature and that assessed by sweating reaction. From all the
information so far available, changes in sweating reaction and a lessening of rise in
rectal temperature coexist when an unacclimatized subject has been exposed re-
peatedly to hot environment (Leithead and Lind, 1964). It follows that both
sweating reaction and changes in temperature should be taken into consideration
to assess the heat tolerance. As the strain induced by water debt and salt loss is
inversely proportional to the body weight, relative water loss and relative salt loss
are used to assess the load on the subject induced by disturbance of water and
electrolyte metabolism.

Table 3 summarizes the results of heat tolerance indices and their components
calculated by using formulas described in the method. Increase in relative water
loss, 4, and relative salt loss, C, during the first 5 days of heat acclimatization was
reflected from increase in sweat volume during the same period. On the contrary,
relative rise in rectal temperature, B, decreased during the same period. In the
late period of heat acclimatization, mean values of 4, B and C decreased as heat
acclimatization proceeded.
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Table 3 and Figure 2 show the mean value of heat tolerance index / continued
to decrease during heat acclimatization. As this heat tolerance index is defined as
the degree of disturbance induced by heat exposure concerning thermal regulation,
water and electrolyte metabolism, the magnitude of this index is reversely proportional
to that of heat tolerance. The results described above indicated, therefore, heat
tolerance of unacclimatized subjects was improved by successive exposure to a
combination of hard work and environmental heat.

As shown in Figure 2, reduction of I value was accompanied by decrease in value
of parameter b, during the first 5 days of heat acclimatization and reduction of /
value occurred along a line of the same value of b, during the late period of heat
acclimatization. As described above, parameter b, indicates relative rise in rectal
temperature, improvement in heat tolerance was brought about by an increase in
heat dissipation as indicated by the more profuse sweating during the early period
of heat acclimatization while reduction of I value was reflected from decreases in
relative rise in rectal temperature and strain in terms of water-electrolyte metabolism
during the late period of heat acclimatization. Heat tolerance index § means the
ratio of disturbance of thermal regulation to that of water and salt metabolism and
the lower value of I value for a given value of index S indicates superior efficiency
of sweating for heat dissipation (Hori ef al., 1974). Figure 2 shows § value decreased
accompanying a decrease of parameter b, during the first 5 days of heat acclimati-
zation, thereafter increased along a line of the same value of parameter b,.

From these results it may be concluded that physiological strain in terms of
temperature regulation of unacclimatized men was reduced at the cost of increase in
water-electrolyte disturbance during the early period of heat acclimatization while
the magnitude of disturbance of thermal regulation as well as that of water-electrolyte
metabolism decreased progressively during the late period of heat acclimatization.
Thus improvement of resistance to heat after successive heat exposure and different
aspect of heat acclimatization could be evaluated by our heat tolerance indices
Iand §.
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W3 (BT« B, 1972), £ LTHEOS R
BIZBATH EBRAKOC EHEZSL (MTE
B, 1972)

BgHE 3FEE « RO R L L Cas
htBh (A8, 1967; BRI S, 1971), €0O%
RUEOEREASTIWRRELT, =423V,
ThHI—=NBHENRFRVANZROEEL EE
ZonTkic, BGHFOFEE « fFEL<4 2
FEYIRTAI—NEDBERICET AHER S
RO REEIOBHNITTbRh TR, 3%
OHRRBARITODWTORREBBON T E N (B
BE, 1967 ; B S, 1971 ; &H, 1972; FiES,
1977) o

Bk, FRv AR, EXXCBEFREY 42
REBEFES FEORKE LT, BEEARER
FELELTEZOEE%. HU>D2dH % (Hadziyan-
nis et al., 1970; Sherlock et al., 1970; #H, 1975),

FHIEBRZTHRINZTFEE « FEB L
CENoOBERBTITDC, BEFLEV AR
LINSDOFFRE L DBEEHEIT>WT, BEFA
vAr2OREHFE (LT HBs-Ag L &3) %,

R R FEBFEFPRTHEEEBA

EhHoDA A v (EF S, 1973 ; Shikata
et al., 1974) EHWTHEN, ThFIOFERI
B % HBs-Ag BHERTHERFEL, Thoo
BERBOMR, #EEBEIT HBs-Ag #&¥D LS5 %8
E*RLTwahEHOMTTL, COWEE
Totko BONTBEIZODNT2, 3OBH*TT
->72DT, TOWELHRET 5,

MEEHEE

19644 519734 % COI0EMIZE B KEERE 2
BRBEHZCREREI NI24,76081T>W T,
SEFER, ESBRTER HEBEOFEEB LU
[ 2 Pk P D P BIAE B3 % H AR BRI X
DA, MHBRIZEFLINSDEKBOHEE &
DEZDNTHH LT,

%7, COMMICBY 2FHEZE, FE% 6K
ZhoDHEERTHED <57 4+ YA vy
I HRREINTW D 353 Pl iR BB ERREIT
Bl ThEDNRF 74 T 0y 7 RWENY
Fov= Y VEEFEABSIZOWTERINTED,
—If, Zenker Fa= ) YEEMIT O~ THERK
INIDLEENTDE, BE 4p D57 4
YHIFIZDWT, ~= b F ) e 2F Y vif,
Mallory @7 ¥ > Hufs, EH oS (1973, 1974) O
Aned YRERBEIT-T2, T, HBIIELT,
EAD EREE (BES, 1972),
N, RFPAFATI)NRUFYFraL
= vEBE (BE, 1965), AFha I R
AEERHL, LENAREOLS BB XL UHROMR
eizht L7z,

~Np ) P
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5] ®

[A] HHREERRITX 5 1964 —1973F IZHE X
BB RZEZRBLBRAICE T 5 FEROD
BEEITO>WT

(1) 1964E—1973FEDIVERIZH T 2 BKFX
FPREDHFERBLFIL 4,760 K THY, TOHIIT
FENANFERE BaniFEes #BEOFE
EBIVCIRAEFEOMIEMNS Y B ARBE %R
BIRICK > TR, 2B, FERORBRA 2RT
BRFBEZEDOZ P TRECH S TEWIDIET
NTERUEFBEEIZED LT L,

Table 1 ®Z &<, 445 (2BBH$9.3%)
OFEEE Rohlc, FEE® BRIICR S L E
MHEFEEIR32AEHA, T X TCOFFEED
88.1%BITHY L, FEZEORBL,EHD TS,
EREFEEOBRNEE LA 2 &, Bl

BicL-THRHE, g8 (&uk
Blh 4.6 %) =8A, RAEFEORES+ED
(90.8%), HFHlRmoOMH I35 @ 1 LHBHiIT
EBMIZEZ N,

iy, BUFEESICESEFERRELF
166 (ET)EFIF0.34%), 308 (&TkEpH
0.63%) WA B, INSOWIEERAR S L
BHELY)EHITPPBNEABAONS,

(2) FEHEHFEEOFMmEEAR

Table 2 @z &<, ZEMmHFEEZ 392 #4180
B (45.9%) IZHFHRBEDO&H *BHDITRL,
o FREFE (HEMRES L CREE) £46
Brl7cd oz 6f (1.5%) WWlBE.Ab -7, B
BT A 5 & BYET295 H1564 (52.9%) HifFH
REEAH LTV EDIIR L, KHETIRI7TH 24
Bl (24.7%) TE&HLTWRIZBE RN, T%b
LEBEFEZOFMRESHRIIED TR,
BELWHZNDD, BRHLCE N,

(3) FFHREOEREFELE SR

HIBOEAEELR LT, Table3 © T & <, FKF#ifaRE 218 i 177 4
7, EREFERZ 240085 hi, MEas (8l.2%) REHEFEEZAMHL TV, B
Table I Main liver diseases among 4,760 autopsy cases (Nagasaki University, 1964-1973)

P(?rcentage
Liver disease Male Female Total ::ntg;:;

cases

Acute liver atrophy 5 11 16 0.34

Subacute liver atrophy 13 17 30 0.63
Liver cirrhosis 333 112 445 9.3
Atrophic cirrhosis* 295 97 392 8.2

Fatty cirrhosis 4 2 6 0.13

Biliary cirrhosis 19 9 28 0.59

Cardiac cirrhosis 9 3 12 0.25

Parasitic cirrhosis 1 0 1 0.02

Wilson’s disease 5 1 6 0.13
Primary liver carcinoma** 192 48 240 5.0
Hepatocellular carcinoma 182 36 218 4.6

Cholangiocellular carcinoma 6 10 16 0.34

Combined type 4 2 6 0.13

* including with or without primary liver carcinoma

** including primary liver carcinoma associated with atrophic cirrhosis
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Incidence of atrophic liver cirrhosis with or without primary

liver carcinoma (Nagasaki University, 1964-1973)

Atrophic liver cirrhosis Male Female Total (%)
Without primary liver carcinoma 136 70 206 ( 52.6)
With hepatocellular carcinoma 156 24 180 ( 45.9)
With other primary liver carcinoma 3 3 6 ( L5)

Total 295 97 392 (100.0)

Table 3

Incidence of hepatocellular carcinoma with or without

atrophic liver cirrhosis (Nagasaki University, 1964-1973)

Hepatocellular carcinoma Male Female Total (%)
With atrophic cirrhosis 153 24 177 ( 81.2)
Without atrophic cirrhosis 29 12 41 ( 18.8)

Total 182 36 218 (100.0)

TI318241 15361 (84.1%) WERMETFHEE D&
A RonTc DXL, iETid 36 md24 4
(66.7%) WA RILIGEEY, EwmEFEE
AT A MRERBHIIEL, KERITSS
PVEAFERERD .

(4> /v 8

B AR LE» SFEEOSRME L LT
SNTHEY, 4EOAFRREHRERICK 285
KT BT s ERERFEE (RRE
DA S L TENIFEZE S BHRETEE & L TR
L) Ogl&iR, BRBRFES2%L2E5.7% & %
HEgL 7254, BEBRZFRXHIA4ES AoN
(Table 4), ZDZRHED—FH 2D FhETn 5,
BHES & COEEOREEFEE (RESR)
DEEFEITODWTR B L, BRBRELLE LD
EVRRoN AW E 3 EBICMELES (Table
4, T, BEHETEEREN TN T ERE
HAFEE DS S 8.2%TH - 1o, TOHER
LPRYFEEOSRMBO—>THLIRMEITEY
58.3% (B#S, 1976) LIFIERLLv D
DTHb,
FFRIIBICDOW TR S &, FEE LRBRIER
BEETBI2BRMBFLINTVEY, 40D
BRI T HARBRHITST 2 FEREOH A, £
EEEHDH1.6EEZR LI ENS, EOBHRME
DR TELIDLEEZL S (Tabled), TOEH

DERITODATRERP ST I -EKR, <1
I FYCOBEREBEES N, BELOWKH
HEMEBITONRTE TSN (EHS, 1971;
BH, 1972 ; XKD, 1977), TR 2E LM
BRIBZHSPITINTnEV, TOKS ZBIRAH#
PERBLLC, EHRZ, ChoFEEOKEL L
T®D HBs-Ag OMEOHE, BETRITL,
UTOBEET -7,

(B] WEMBFEHIRELZFEEOAR

(1) HEREBOBELEAK
REMABENICRE L33 AIIRESELS
BLoD, EEHFOBEBRITI 2HMBIZE - THF
EEEHBL, d20IREBREHE L, &
B, BHFLICOWwTIE, RLSE GC#37)
PoT, BEELFEBBHRITHTN. DK%
FIEIZE - THBELIFEBRDOANR % Table 5 i
RLTzo
RENEAKERD L, BIZWDIE, il
FIEZE 5k 161 4, 4761, 2208 HITH D,
FFHORaRE A3 55 1 107 #, k224, 3t 129 1 & &k
OOk, UTHEEMEE2LH, SHFRIEEHE
1944, EAHEFEMHIBHIOIRTH %,

(2) FEZEOBSEINE S KIER, HAAN

R
AR FFEZ2476) (Table 5 81B) BRO T &
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Table 4 Comparative study of the incidence of liver cirrhosis and hepatocellular

carcinoma between Nagasaki University and All Japan

Nagasaki

All Japan*

Diseases . Sex University*
(1964-1973) (1965-1973)
male 2,834 115,998
female 1,883 77,942
Total autopsy cases unknown 43 903
total 4,760 (100.0) 194,843 (100.0)
male 295 8,336
Atrophic female 97 2,676
liver cirrhosis unknown 11
total 392 ( 8.2) 11,023 ( 5.7)
male 182 4,420
Hepatocellular female 36 1,037
carcinoma unknown 7
total 218 ( 4.6) 5,464 ( 2.8)
Biliary male 28 969
and cardiac female 12 706
cirrhosis total 40 ( 0.84) 1,675 ( 0.86)

( ): Percentage in total autopsy cases
* These data were obtained from the Annual of pathological autopsy cases in
Japan (1964-1973).

Table 5 Liver diseases examined histologically in this study

Liver disease Male Female Total
Acute liver atrophy 3 7 10
Subacute liver atrophy 10 8 18
Chronic hepatitis, active 16 3 19
Chronic hepatitis, inactive 5 2 7
“Kartoffelleber” 0 3 3
Fatty liver 0 2 2
Liver cirrhosis 190 57 247
Atrophic liver cirrhosis* 161 47 208
Micronodular cirrhosis 8 2 10
Cardiac cirrhosis 3 1 4
Biliary cirrhosis 14 6 20
Parasitic cirrhosis 1 0 1
Wilson’s disease 3 1 4
Primary liver carcinoma** 120 35 155
Hepatocellular carcinoma 107 22 129
Cholangiocellular carcinoma 11 10 21
Combined type 2 3 5

* Including with or without primary liver carcinoma
** Including with or without atrophic liver cirrhosis
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Table 6 Sex and age of cirrhosis of the liver

Classification g __ B Age Sub- o
of cirrhosis 0-9 10-19 20-29 30-39 40-49 5059 60-69 70-79 80— ‘otal
Atrophic male 1 1 2 2 2 2 10
cirrhosis, 16
(Nagayo’s A grle 11 1 1 1 1 6
type)
Atrophic male 1 5 9 45 48 34 9 151
cirrhosis 192
(Nagayo's B ¢ je 11 7 15 8 6 3 41
type)
Micronodular ~male 3 4 1 8 10
cirrhosis female 1 1 2
Cardiac male 1 1 1 3 4
cirrhosis female 1 1
Biliary male 4 1 1 7 1 14 2
cirrhosis female 3 1 1 6
Parasitic male 1 1 1
cirrhosis female 0
Wilson’s male 2 1 3 4
disease female 1 1
Table 7 Sex and age of primary liver carcinoma
Primary liver o Age . Sub-qoa
carcinoma 0-9 10-19 20-29 30-39 4049 50-50 60-69 70-79 80— ‘otal
Hepa?ocellu]ar male 4 3 30 37 27 6 107 129
carcinoma female 1 11 7 1 22
Cholangiocel- male 3 5 1 11 91
1"‘18‘1: female 3 5 1 1 10
carcinoma
male 1 1 2
; 5
Combined type female 9 1 3

EEBCHAFE L, THOD, ERETEERER
5 (1914) oBRZAH (Z2, 1960) XH#- TH
B L7 EEMmET, Tra—- i (B¥E, 1960),
Fe A (Gall, 1960) &H 5 B HEFEZEIC—
T3 LHB I N B/NEO/PNS & D DITHI/NE
HRFIEZE (Gall, 1960) & L7z, HFHEZE DK D
S5k, DOETNTNORELRBRELRTH
BEFEE (F, 1964) IToWnwTi3, O, B
ik, Famfks Xt Wilson & & T4t e,
BFELIFBEEOEH, HAIARII Table 6 ®
@Y T, EWEFEE -BREOZBERD £
19241 (B#E15140, KE41fl) THY, REOH

3168 T H -1, BHEFEE L2080 (B
145, kKH6H) T, TOEBINREHEO L —
7 310U T L60mERITH - 720 BIZEDET B
Hi, RXHBBEAFEETHY, BFIFNEE
ZOEBREEICELIDTH- T,

(3) FREFEOMBIS L S CITER, #

AR

FERBEFRIIOW TR, BROFEBORED
B ol LicOCHEAERFED S bR
BRI BEINTVS 155 IO AL RENR L
L, MBIz - T, FFufayE, BEakEs
URAHMD 3BIZH T, BF L FEREFED
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RIS BONTRIE Table 7DFED TH 5,

FEMIRERE (3 51 107 I, Zk22fl, &t 129 4T
RAEL (84.9%), ZTOEBNEEL»D L,
50T — 2 4dh b, ABIMUTOEFEREH
Bxdh -7,

(4) [FHmiaEOIEEBITRE

B Lo dileis1206 1044 (80.6%) T
WHFEZ « EE0Z8BR SN (Table 8),
B, TORFHTIR=E (1960) ©Z/ B3 2RI
A5 L, b, BESORRE, bk UH/MEHN%
FEEIZEH LT LFAREOFAIZE{ Roh
A odc. BHFREHEL XU, EHFLER
BRI BEADLATH B, BEODFRER
OB ERTIDELIBLETREELNLORD
SNENIDII0H (7.8%) TH-7z,

[C] MRZEOHIR L HBs-Ag L OB#EITDnN
T

(1) HFfEREARIZET % HBs-Ag oz A
HBs-Ag BEFSOHE (1973, 1974) O T &

{, FHROFTROLI 53 20%FD iR
To ThbDH, ) FHEBRIKUCTARCEE S
30, ii) FFRABRI HARORTLE S0,
i) FFMIfEOA%, B|REIICE LcBaEicgs:
L53D0D=EFETHb, TDIFH, HBs-Ag Bi:#
ROPIZBIEHRBIZADONS DR, &itE
TRIZLTVBIDIR OGN,

(2) HF#BEERRITBD 5 FE#BA HBs-Ag

B

SHEFERLIOPIZ>VWTIZ10415 1 #l3 HBs-
Ag ZAEAT % 24 - 7z (Table 9), HAHFE
WTI18BIF 4B (22.2%) TRWHEHh, B
FraEERCi 196 36 (15.8%), EBHAFX
FEEHET T THF LA (14.3%) T HBs-Ag
DEAI NI, EHEMFITIE HBs-Ag IHmiERX
N -7 (Table 9),

(3) —HBFEEIZBT % HBs-Ag BHE®R

—REFEE SERETFEE &, EEEETT
ra—ntk FEWRDDNIEHEFEREIC—H
T 5 L MM I NI B/INED NS /N Bk TR

Table 8 Pathological changes of non-cancerous tissue in cases with hepato-

cellular carcinoma

Hepatic pathology Male Female Total (%)
Atrophic cirrhosis, Nagayo’s A type 0 0 0( 0)
Atrophic cirrhosis, Nagayo’s B type 87 17 104 ( 80.6)
Micronodular cirrhosis 0 0 0( 0
Chronic hepatitis, active 7 0 7( 54)
Chronic hepatitis, inactive 8 0 8( 6.2)
Mild fibrosis or nothing particular 5 5 10 ( 7.8)

Total 107 22 129 (100.0)

Table 9 Incidence of HBs-Ag in hepatitis and its related diseases

Liber pathology Male (%) Female (%) Total (%)
Acute liver atrophy 0/3 ( 0 0/7( 0) 0/10 (  0)
Subacute liver atrophy 3/10 (30.0) 1/8 (12.5) 4/18 (22.2)
Chronic hepatitis, active 3/16 (18.8) 03 ( 0 3/19 (15.8)
Chronic hepatitis, inactive 0/5 ( 0 1/2 (50.0) 1/7 (14.3)
“Kartoffelleber” 0 0/3( 0 0/3 ( 0

Numerator: Number of cases showing positive HBs-Ag in liver tissue
Denominator: Total number of cases examined



FELOMFRRAF T, ThFNITBY 5 HBs-Ag
BYE®R L5t Lz (Table 10),

ERHEFEE T B W™ -Ti2208%] 1104 (52.9%)
12 HBs-Ag HEEBINIDIIFL, M/ Hit:
FHEZETIR1081H, 1FICHEHTE Zd -7,
8, BHF26123 HBs-Ag 3BH I %
Polzo

ERUEFEECBTR, E50RBLZED
i HBs-Ag OBEBIZELVWEZRZDONE
molce L LADS, FHIELE- THEHh,
o TR WO THELTA2E, HEOBITIZ
REZZEBROND, ThbDH, FHREELE-
T 2 WEREFEEZ (BR50H, ZA#E%d
i2) 100810 Ci334 (33%) L4 HBs-Ag #¢
AEHI N ED - TcDIx L, FRREEZE-S Ty
5 EMRETFEE TIR1045 R 746 (71.2%) &Ln»
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3, MHOH2EROBEEIC HBs-Ag 33
s iz, £7, EMBEFELITEY % HBs-Ag
DEMROUEXR S L, BT %
PLEW (56.5:40.4),
5B, ABRLEAPEREETFEZE 241
Bl L L CRAEFEREAE TIE, HBs-Ag
DEHBAED - 7z (Table 10),
(4) HBHRBFELEICEY 2 FHA#A HBs-Ag
R
D, BBk CFEREFEE L S T
Wilson 3%, #29#liz>\nCchZLizds, 20H
D1BITT o, FEKEN HBs- Ag EEH I %L
» - 7= (Table 11),
(5) FHRUEFBEIBY L2EEBFHEHREA
HBs-Ag Btk
IRFEPERTHE 155 4118561 (54.8%) ODIEEIBHF

Table 10 Incidence of HBs-Ag in cases of liver cirrhosis

Liver pathology Male (%) Female (%) Subtotal (%) Total (%)
Atrophic cirrhosis
without primary liver
carcinoma
N s A 5/10 ( 50.0 1/6 (16.7 6/16 ( 37.5
agayo’s A type /10 ( 50.0) 16 (16.7) /16 ( 37.5) 33100 (33.0)
Nagayo’s B type 22/60 ( 36.7) 5/24 (20.8)  27/84 ( 32.1)

Atrophic cirrhosis

With hepatocellular 61/87 ( 70.1)

carcinoma
\’Z’;I;i;l;?llla;ng1ocellular 2/2 (100.0)
With combined type 1/2  ( 50.0)
Subtotal 91/161 ( 56.5)
Micronodular cirrhosis 08 ( 0
Total 91/169 ( 53.8)

13/17 (76.5)

19/47 (40.4)
0/2 (
19/49 (38.8)

74104 ( 71.2)

2/2
12

(100.0)
( 50.0)

77/108 (71.3)

110/208 (52.9)
0/10 ( 0
110/218 (50.5)

0)

Table 11 Incidence of HBs—Ag in cases with specific
type of liver cirrhosis

Liver pathology Male Female Total

Cardiac cirrhosis 0/3 0/1 0/4

Biliary cirrhosis 0/14 0/6 0/20

Parasitic cirrhosis 0/1 0/1

Wilson’s disease 0/3 0/1 0/4
Total 0/21 0/8 0/29
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HMAMIT HBs-Ag MEEHI N, & IR
BIZBWTid, HBs-Ag BrEslid 129 4l 82 41
(63.6%) THA, T OHEIIBEMIZRE (9.5%)
BLUREABEFRESGR (20.0%) L5011
&\ (Table 12),

%7z, FHBEBIIBTREGETEE v k-
723 DI Table 10 TR L 72 & 5 12104 4 74
Bl, Tkhbb, 71.2% D HBs-Ag BHERTH
D, BEWMUEFEE T HEbENI O T 254 H
8#l, +%bHH32% D HBs-Ag ¥R # & 1z
(Table 15),

—%, EHRE L REREFBERESE T
HBs-Ag # T &8I wh b Fhgek FE
Erho T ERERIET %,

B, FFHEBEICEWTI}, HBs-Ag OB#R
THEZRBR SN A D - (Table 12),

(6) ZEMUEFELE T 2EBHES HBs-Ag

B

EREFEEOL THEREEFEL - Tk
FEPIZ O~ TAEBES HBs-Ag BHER*XA 2 L,
HBs-Ag ps#Rih S 11 2 5HE 330 T THM50%
P HEO L0, HAE, BELERLITEN, BENIT

BT s EMB R S hie (Table 13), 2 niTx L, »
[RFEHERTHE ek - T B REFEER L, HBs-Ag B
PEDEERE D S50 E TH 80~100% L\ 9
RHEERL, 60RULED EBRBITE » T
HBs-Ag B B#H 50% 12 RAT w3 (Table
13),

BroZ &<, HREFEL TR, FEREFE
EHOFETH2b ST, WEMUBIIEW T,
MR8 - THFA# A HBs-Ag OEMHRIZET
THEABR S N,

(7)) FEmMEFEEICBY 2 HE KGO ES

& HBs-Ag B

EmEEE, £ LTHEEASIASNS
RIEM: KIS TEEIECH 0, HEFHFHTH L0
EVSBED L 2BITAY, MEED HBs-Ag B
HRIZEND ZHLEDI T2 THEE LTz (Table
14), CoOBE, EELIANERNOMERS
BICEHLZEEHRRBESR O, D, HB/NE
RO NERBEBRS h it Batnn
(Figure 1) Ih oD RIEHRON AP EED
BAEkEHEE Lz, T HOCHMRBENHL T,
HET & % n3H4EI1T undetermined & LCHEL

Table 12 Incidence of HBs—Ag in non-cancerous tissue of primary liver carcinoma

Primary liver carcinoma Male (%) Female (9%,) Total (%)
Hepatocellular carcinoma 69/107 (64.5) 13/22 (59.1) 82/129 (63.6)
Cholangiocellular carcinoma 2/11 (18.2) 0/10 ¢ 0) 2/21 ( 9.5)
Combined type 172 (50.0) 0/3 ( 0 1/5 (20.0)

Total 72/120 (60.0) 13/35 (37.1) 85/155 (54.8)

Table 13 Aging incidence of HBs—Ag in cases with atrophic liver cirrhosis

Liver pathology | HBs-Ag

Age
Total (%)

0-9 10-19 20-29 30-39 4049 50-59 60-69 70-79 80—

Atrophic cirrhosis | (+4) 1 2 4 12 9 1 4 33 ( 33.0)
without primary (=) 2 2 4 15 16 17 8 3 67 ( 67.0)
liver carcinoma | subtotal 3 4 8 27 25 18 123 100 (100.0)

Atrophic cirrhosis (+) 3 3 22 32 14 3 77 ( 71.3)
with primary (=) 1 6 9 12 3 31 ( 28.7)
liver carcinoma | subtotal 3 4 28 41 26 6 108 (100.0)

(+) 1 5 7 3 41 15 7 110 ( 52.9)
Total (=) 2 2 5 21 25 29 11 3 98 ( 47.1)
‘ total 3 7 12 55 66 44 18 3 208 (100.0)
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EHETEE - ES5OBRE T, 2R 0EEE
Thy, FEEEELD HBs-Ag OBHROD LI
BT&Adbo-Tz, ERUETFEE - R5EOZHTHE,
EE 6o 214 (35%) 4% HBs-Ag BHTH
HDITH L, FEIEEMH216F 66 (28.6%) 123
HBs-Ag #iftid n, WHFMIIKREAZRBR SN
oo

37z, FEREFELE-> TEREFEE (T

TEEDZH) THonwTRbE, MERIEDES
D 3 D6sHh44p] (67.7%), FEFBHHED IO

32pirh23f (71.9%) X HBs-Ag s
BWIZIEEBE 3N, COLIIKR, FEHEEFE*
fho - BMBEFEE LB T WE RGO G #,
JEIEBIPED 2 BERITIE HBs-Ag BHEOHSH
rERRONZL - T,
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(8) HHlEOIBMHRE L HBs-Ag B
R

M i D FERE IR AT IR 2 o m B AR 2 19 ISR R
L, Table8 OZ &AM LT, TDKI EHH
L 72 kT ENEFnOEBTFESDO HBs-Ag
BHREHE L TR (Table 15),

EHEFEE - EEO B L k- i laRE T
(3104 B 74 B (71.2%) T HBs-Ag Bt &
h, BERFRESHEE-I0TI THAPRSH
(71.4%) L BERIIBEHI T, L L &
5, BUFREEHEL ko7 3D 8HIF 24
(25%), BEODOPIRE O BHEL F T i+
EREDOZ IO TIII06H 14 (10%) 1Tl
HBs-Ag @®HI N, T h o Ol S
HBs-Ag OBHERIZED - T2,

EMEFEE ¢ 45 FFafaEcid HBs-Ag ©

Table 14 Relation between stromal inflammatory reaction and incidence of HBs-Ag
in cases with atrophic liver cirrhosis

Atrophic liver Stromal
pIC inflammatory HBs-Ag (+) (%) HBs-Ag (—) (%) Total (%)
cirrhosis reaction
N " At active 6 (37.5) 10 (62.5) 16 (100.0)
2gayos A WPE  hactive 0( 0 0( 0 0( 0
active 21 (35.0) 39 (65.0) 60 (100.0)
Nagayo’s B type  inactive 6 (28.6) 15 (71.4) 21 (100.0)
undetermined 0 3 3
] ) active 44 (67.7) 21 (32.3) 65 (100.0)
V}’.‘th primary inactive 23 (71.9) 9 (28.1) 32 (100.0)
iver carcinoma
undetermined 10 1 11

Table 15 Incidence of HBs—Ag in non-cancerous liver tissue in cases with hepatocellular

carcinoma

Hepatic pathology
in non-cancerous tissue

Male (%)

Female (%) Total (%)

Atrophic cirrhosis

61/87 (70.1)

13/17 (76.5) 74/104 (71.2)

Without atrophic cirrhosis 8/20 (40.0) 0/5 ( 0 8/25 (32.0)
Chronic hepatitis, active 5/7 (71.4) 5/7  (71.4)
Chronic hepatitis, inactive 2/8  (25.0) 2/8 (25.0)
Mild fibrosis or

nothing particular 1/5  (20.0) 0/5 ( 0 1/10 (10.0)
Total 69/107 (64.5) 13/22 (59.1) 82/129 (63.6)
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BHERIZBELERIZE AL RO & » (Table
15),

5B, EREIEI PEEL ZFHBOK
MR NI, HAKE D HBs-Ag H#EME
CHEBRENLEABH -7 DT, HBTNEFHRL
LCi# L7 (Figures 2, 3),

(9) ZEEFELEICBY 5 dysplasia DHH

~ & HBs-Ag ¥R

Anthony & (1972) RIFEOMMEITE T,
FHBEOZERCHMBEOHRER LGN, FHDORN
AE, 28, BaEHLEEHKFHREET S
FFfEOR B 7213 MlREM % dysplasia
Legr L, dysplasia OR SR ZEFTIRMES
@ HBs-Ag BMUBRBENWC LERE L7z, ®&IT
% - C, #3Z ® dysplasia % premalignant con-
dition ¢ #Z T3 (Anthony, 1973), EHiIZE
HHEFEE © JERTTFHG T B 1) 5 dysplasia
(Figures 4, 5) [Z2oWwTHhFE LT,

dysplasia 3 ZE#E PEAFREZE 20851 545 (26%)
BRI iz, AT 51614 146 4l
(28.6%), KHATHIHM8H (17%) LR HHI
£ Ronfe. FFMIERE T kb 2 EiREFE
ZBED ZBET I 84mP 124 (14.3%) T
dysplasia ¢ Roh 7z DT @ L, KFMIRLRE &0k
S EMEIFEE - B5O 2B T 13104 il 39 4
(37.5%) = dysplasia 43R 51, dysplasia OF
RAERFERBEEZNED 30E, bEniDRk

HWANREHRTH - 7 (Table 16),

F 7, EHRETHEZE % dysplasia #5340 &
dysplasia BREDSNLZh -7 SDOD 2B ITHG
TH#EMOD HBs-Ag © BHER% ikl T Ric
(Table 17),

JRSEHITRE &« b Z " EREITFEE - EE0 L
#I¢ dysplasia % FEBH L 7z 1241 # 1041 (83.3%)
it HBs-Ag #BHTH-7c, chITHL, FHH
HITE T b % » EWBETFEL - E50ZE8T
dysplasia # B I N &2 o 72H OHT I
HBs-Ag #BHTH - D174 (23.6%) T+
B, iiZLEET 2L, HEMITHEEWED -
720 - T dysplasia #SHI4 2 ERHEITEE .
BEEODOZHIT HBs-Ag #HRICEHI NI L n»
3 BRI T & 72, ,

EREFEE « EEOZBITFERE LS b
@ T dysplasia O H 5 L7 39324 (82.1%)
IZ HBs-Ag WSFER ST A PICIEA S iz, dys-
plasia D BB EWIFHRE T k- 1 B E
ZCi3eshhd2h (64.6%) ITIEFEEBAFHERLAIC
HBs-Ag SfEBI hico COMBEHEL TAT
%, dysplasia @ HE Z R fl OFHEIEE
T HBs-Ag #SEEBI I L THB Y , dysplasia & HBs-
Ag LOBVHBERTEEL L TEHE NS,

(10) HFMlafzO BH:E - HBs-Ag BHE®

FrafaE o BHEIZ D W Tz Edmondson and
Steiner (1954) DOARITE T ~THUFL, K|

Table 16 Incidence of liver cell dysplasia in cases with atrophic liver cirrhosis

No. of cases

No. of cases

Atrophic liver cirrhosis Sex examined dysplasia Incidence
detected
Nagayo’s A type male 10 ! 1/16 ( 6.3)
female 6 0 '
male 60 9
Nagayo’s B type female 94 3 12/84 (14.3)
With hepatocellular male 87 34 39/104 (37.5)
carcinoma female 17 5
; ; male 4
Ve e . : 24 (500)
Total male 161 4 54/208 (26.0)
female 47 8




Table 17 Relation between liver cell dysplasia and HBs-Ag in non-cancerous tissues in
cases with atrophic liver cirrhosis

Atrophic liver cirrhosis

Liver cell dysplasia (+)

HBs-Ag (+)

HBs-Ag (—)

Subtotal

Nagayo’s A type
Nagayo’s B type
With hepatocellular
carcinoma
With other primary
liver carcinoma
Total

1 (100 %)
10 (83.3%,)

32 (82.1%)

2 (100 %)
45 (83.3%)

0( 0%)
2 (16.7%)

7 (17.99%)

0( 0%)
9 (16.7%)

1 (100%)
12 (100%)

39 (100%)

2 (100%)
54 (100%)
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Liver cell dysplasia (—)
Total
HBs-Ag (+) HBs-Ag (—) Subtotal
5 (83.3%) 10 (66.7%) 15 (100%) 16
17 (23.6%,) 55 (764%) - —-72-(100%) 84
42 (64.6%). 23 (35.4%) 65 (100%) 104

1 (50.0%)
65 (42.2%)

1 (50.0%)
89 (57.8%)

2 (100%) 4
154 (100%) 208

Table 18 Relation between HBs-Ag and grade of malignancy in cases with hepatocellular

carcinoma

Grade of
malig-
nancy*

Hepatocellular carcinoma

Grade 11

Grade III 38 (76.09,
Grade 1V

Total

Hepatocellular carcinoma
with atrophic liver cirrhosis without atrophic liver cirrhosis Total
HBs-Ag(+) HBs-Ag(—) subtot:;i—’ HBs-Ag(+) HBs-Ag(—) Subtotal
29 (64.4%) 16 (35.6%) 45 (100%) 4 (50.0%) 4 (50.0%) 8 (100%) 53
) 12 (24.0%) 50 (100%) 4 (28.6%) 10 (71.4%) 14 (100%) 64
7(77.8%) 2 (22.2%) 9 (1009%) 3 (100 %) 3 (100%) 12
74 (71.2%) 30 (28.8%) 104 (100%) 8 (32.0%) 17 (68.0%) 25 (100%) 129

* Malignancy was determined by Edmondson’s grading.

lREOEME L HBs-Ag B L OMHBERORH
HITONWTHRE %17 - 7o (Table 18),
EHETEE 45 g cid Edmondson
S8 D Grade II D45HH294) (64.4%) ITB\»
T, FEMBESAFARLIT HBs-Ag MSiEH X 1, Grade
III 35041384 (76%), Grade IV T¢I 94
78 (77.8%) & FFHINERE © RBE O H5&(1C
P#-T, HBs-Ag BHEN EH LT3,
LEMETEE b 2 W IFHRE TR IERLIIT

HBs-Ag #3#EBAZ 172 D2 Grade II T8 #ld 4
Bl (50%), Grade III TiZ141 4 5 (28.6%)
THY, FFHEEEDRBEDENIDIEE, HBs-
Ag BHEBETL, WELEOKRELEBO NI,
oT, 400 KRE T IFARED EXE &
HBs-Ag iR L OMIZIIFFI 2B RV
FTCEBHTEEDN T,

(11) Mmoo d HBs-Ag

R oEMiafiz HBs-Ag #*Rwilid ¢

L&
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LRFERICHTHY, 42 TEL (1973), HF
5 (1974) KLOVHREINTNLDHTH L, &
3 2oz dic HBs-Ag 2B L-D
TZOBBELHZEL TBE I\,

%1 B1347R%, Bk, EWMEFEE LS &5
B FFaRE OREFIT, FEREIAFAEIC HBs-Ag
BRONBEDATEL, 1EOEMBEHEEITIC
BT, BEOAKRMOBEMIEANIT HBs-Ag ¢
HABROE CIEH X e (Figure 6),

B2 PI54RR, KM, FHHEIFEE %0k
B FlEOREMN T, HBIKE ZBEIICEM
T HBs-Ag 3B & 1, FEMEPIZD HBs-Ag 3
Roniz, HBs-Ag i35 1 # & R ITHERIBE
OEHBAIC # AKRORE CIHAI N (Figures
7,8)0

oD 260 HBs-Ag A4S N7z fFsie
& DMK Edmondson @ Grade I (2H%5
B5EDENBDTH 272,

z E

BBMAICBY 2EHETFEE - FHlkgEos
Stk D —TH 13 T BREE IR (1964—1973) DEEHIT L -
THOMIZEI N, £ LT EEEFEE |
Heldi % 0k 5 #5 % 1345.9% (Table 2), fTHHaRE2s
EHERTREZ 85 % 1381.2% (Table 3) T&

O, ZREHEFEE L FMEEE ORITIIRD TE -

EAHBERBFET LI EBBADONT, 4ED
EHEOENERI, B (1972) 0 HALEHD 8
KEOHEHE BERBOERMERLTNVE, D
30 BTG S AR © 28 1T &
HHFEE B BZNCLICHRTS L) FH#H&DH
%,

RWHA BT AEE, FREORKEICELT
RTTREBOFEBITON T2 (1AFE, 1967 ;
EES, 1971; &E, 1972; F#S, 1977), %
¥, =4abtFvrOBEROVWTRSE, B
A TY, BWIZZOZTRMBRLINTHWIAE
BILHX (BT « £, 1972) K2 TBHIN %
AEVEIN T B RFEE » RO KA~ 4
AL FVUTCHLENIEBROZERBEONT

Wk (BH, 1972; FES, 1977), RHIXIT
BT, FEZEFELT7ra - REOZEHKR
LOBEBRIZODVWTI OGN T LY, FHES
1971)) BT a2 —AdRBRIZE N T, FEE
FROKEELTEDd, G LAFEEOHER
FHWLIEBEEERT L L THAThwD LHEL
Tnb, TOLHIT, BHFMEITBT 5FEE -
FRE2ROERIZ > TR HEHRN 2 HEER
BHLDILEINTAZDOBHERTH 5,

#r, F—=2+7)7 HEO BREUK, HF#x
TANREFREBIZOWTOREDOESITIIEY
T LwvwiodRon, HB #ilfiid B BIFA£ORK
B ELTHEAZIN, & 51T Sherlock (1970),
Hadziyannis & (1970) (& HB #FEAMEHFE
BAOEEL X UCRBEFERD S FHlE~DE
BIKESELTWL LBREL TS, Z-RGHA
DERO HBs-Ag BHRIT2. 9% L /BAEINT
w3 (K5, 1973)

FROK) ZBERBIEBLERL L ¢, FHIE
BRFEIZ 774 VT oy 7B REINT VDS
3BHD FHEELHEL S RIRZh S OBEEKR
FREEBREOICBREL T, ThoFRBEOHR
HEEDBZITO L LRI, EFSDA VLA ¥
P rfT-o TCIhODFRABEDER, 503
EANDERBRBITET 5 HBs-Ag OMEDHE,
BETHRE L.

29, FEZE « TR {FRAEERRIZON
TR% & (Table 9), MAMNFER, BHEFRIC
Hs, AEFEHTE AT SFEGHN HBs-
Ag BEEMI N L dhoteeo TOFERIELRS
(1973) BBIERFRIZBWTIE, mFEHIC HBs-
Ag BERIZHTCV2ERNTH > T, HMEEEN
IZHFMlE Iz HBs-Ag BIZLALERONENWE
HMELTVWIBELHE T EIDTH 5,

RIVFBEIDWTR S L, SHEOBRITE N
T, ERHEFERE (FElREL 45 303
{p) T3, FrAAMA HBs-Ag 1352.9%1THRS
N7 hdd 53 (Table 10), FFBEBFFEZEIC
21N PN HBs-Ag BBRHEINEdo-
7= (Table 11), Zh 5D HFEEIL HBs-Ag L &
HHEELORRBEKTELTRLTVEIDL



ZZoNhb,

My, EHEBETTAI -, RBEAEDLN
ARG RS T34 5 & B S i RN i
HFEE L X 2 ORERRE L B S 2 IRI5R
BT, 18w TTS HBs-Ag 13EEH
IN$ HBs-Ag LORBRBEREIAOIEDL-T
(Table 10),

CNITEELT, bBERBT 2HEES R
BO—DTHIHBHBITO>NWT, BHES (1976) D
B R % - 72 HBs-Ag OB % R7-REI
k3, EWMETFHEED4%IC HBs-Ag #3EH
LTBY, TORBRIEZORBEE ZITRKETS
boe CNOLDHERE, EBZBVWTIMAEREY
TAERBFEEDOREIZ HBs-Ag BEELE
BRER-> T REEEXFTIRE L BZ 2\,

B TRBR S Nz FR RO FEE TR
#AICE T 5 HBs-Ag OEER%* R % & (Table
12), FFHIMEREITI363.6% &\~ BEEREIZ HBs-
Ag DEEAI N, EWMEFEZ b Tl
BITR32% & S EE T HBs-Ag sBEHEIN
(Table 15), cniTxtL, BEMEES X CES
HFERESE I3 HBs-Ag OBHEREBEhFN
9.5%, 20% L{&< (Table12), #»>, HBs-Ag
BHEEZRLLDIOR, WL EREFEE T
IVDTH-To, BSOS (1976) DB RELHR
BT D TOBREIT &5 L, FFHRED60%IC
HBs-Ag #FHW LTwab il bbb oFEEME
Fitid £ HBsAg #HHE LTwin, EH
BIUHEOO BEE BT 2L, FHlame
HBs-Ag & OMITRBEHELBGKRND DT LB
ABIND Y, ERMEFEE EDLZVWEBEHRRE
B, BLUERETBRESE L HBs-Ag LOH
CRBRERMICAZHRBERBIZEALZNIDE
fEIND,

L TAT, /M (1976) ZEWHS OIFEE T
FFAIBENE = b 2\ 1361 6 #f (46%), Friifg
Ra22p) 184 (81.8%) T HBs-Ag & MEFH
TR L Tnb, CORRBEZEDORFHRRELD,
HBs-Ag 3% « Fifafm s 3 IC—BEELHE
EErHEOILERLTWSE, MFED HBs-Ag &
i o HBs-Ag OBHRBOZICO>WT, HH
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5 (1973) OfELEH 5 L, FlBOLFHLDE
BT HBs-Ag #HBT2LENTRE, ZO&
IEBRELSTZCEZELNGBORBROZDHENR
BRI THDLLE, BERME L BBREE WD B
HEOHEM L2, EFAROBAZ LKL LN
HEIN D,

EWHTELITE Y 5 HBs-Ag BHAOER
HAi% 4 B & (Table 13), 508 L ETIRXB R
BT+ 2EmMbBHED SN, TOBERAIIMEEN
% HBs-Ag BRI L-T I HED SNTEY
(RH, 1975), HMmFIZRBIFLHERME—~HL T
% (Okochi and Murakami, 1968), D FHE & L
Ti3, 1) HBs-Ag (+) o LI FEE I
ZoTLE o7z, 2) BicksrWiaoRHE 4
RAEDETICE Y HBs-Ag OARMBET Lick
DEEBEZONDLYE, ~TFNIBBROHEHE T,
SBOBRHELEL LLS,

%7, H5IZ HBs-Ag BiH®R*R2 &, &
HREE TR BRI E» - ol FRlETIEzE
BROENEDh T, ZOC LR BHICEREFE
ENEL, o, FRESEZEN L LE/RED
L EBbh, FROMEE L3I HBs-Ag B
BREL 2B LT ELGDESLE HBs-Ag %
ForlbtildhrerkEOhBRMETRES TS
AEEHEAD B,

HBs-Ag R L HiBHEFELEICBT 2 MER
JED EEM L OBEEIC DT A 1248 (Table
14), HEFEHHEDOIDL, EEHEO IODMEIT
B2 HBs-Ag BHRBILEEZELVWZERRONL
ot CThiIFME LT - L ERBEFEZED
BAZIRABEERRI L LEEDR, BT
nd, EEHE, FEEHEIOLDOT, RLXD
ZHEET HBs-Ag BEELTBD, HEHIFE
EIZBn T, MERGOESME, FEEEHHERI,
HBs-Ag 864 <, EOFKEEL L ¢, fhkoRTF
DHEE,ZZDBBEHRDLTLEERL TS,

LAY, BuFLCREHEIC HBs-Ag B
HRIIFNALwbh (T, 1972), SEHOEZED
BE Ty FmEE TS 3@ (Table 15) &, f
huEnId (Table 9) &becBeE, EBHFR
EE R DS, FRIEENBIIT N, HBs-Ag BHERBE



130

WC L RO, FROBEMDOERSE LT, #
HABBINTWEA (Almeida, 1969; Dudley et
al., 1972; Eddleston, 1974), HFH DB EE 25
EUFREERIL, BHFAEREE XD HBs-
Ag L RO FEEZERESLIDEEZ N,

P A5 FEE D MERISIZ2» T3 &H 5
(1975) oMM RED S RIHELD 5, &It
513 HBs-Ag B8 - HBs-Ag BHRITH4T T
E®L754a, WEEED FEEC HBs-Ag [
W DOLMBHIEEB M, 56D TEEIHE:, HBs-Ag
KD 19 BAHEEE N, 81 BVEBUTHY,
HBs-Ag BHERIFEEEESTEE MDD 2 S0 LET
HLEBMELTND, EHEORETIISHIETE
%, EBE50ZBRIZBWT, MHEO KIERSIHE
D DD HBs-Ag BHE®R35%, FEFEEH
DdDD HBs-Ag BHERH 28.6% THliH T
REZEZEWRRONA» -7 (Table 14), 272§
SEHERTRE % - 72 ERBFEZE BT HBs-
Ag BHRBRBMERICOEEHD Y D67.7%,
EEHED I D71.9%C, MHRIKHLI L E2ZEH
Whhoteo CORER, BEBEFOFELES
EREFEE TR HBs-Ag BRCEEE OO
B, KERIZHRTRREWC LERLTEY, B
B R TE ) 2 EREFEES X URBOD R L
MoHhDERBSLDTRENHLERENS,
— IR - LIFEE TR RE KIS0 ¥
EEHD SO, FEEOLDFEIZHENTEN
EINTVE (S, 1975), SEDEED K
BTIRBEEZEMERA D (Table 14), ¢ hic
oW, BHS (1975) RIFEOHEERELRE
DOREEH LML BTN DE, INHDOZ L
EZZGbEIGE, FHEE - FROSRBEICE
WwTid, HBs-Ag BXUBBREFELR LD AT
RPN EFAOPOMORFHEEE L CF
ELTHLaEREEETCE RV, 4BOBRH %
Fbhiz\n,

SRIDOBRIZE AT, MRS LES Ewt
FFiEZCid HBs-Ag 71 3%iEH3I N, #b¥
EHRHITFHEZE D HBs-Ag OIFHAE 33.0% 1T,
2REULOBAEHEEELR LTz (Tablel10), ¢
BT EES (1976) OZTNZFh64%, 46.7% &

WIS I H~, &b HBs-Ag &Il Lo
HEAEEREERLTVWIIDENILS, O
&9 % HBs-Ag LIFMINaME -0 MOEELHEE
HEITO>WTE, 1) FHflaEdsd 2512 HBs-Ag
VL, REILPLTw, 2) HBs-Ag #HEBH
BREERT (EFHS, 1974) 2EBEISNT
Wi, SBROWELEBENLETINLBEETH 5,

—7%, FHREOHERHREIIODVWTRS L,
FFHIERE D HI20% R ERUEFBEE - Tk n
(Table 8)0 L dMBFEMICHREL256F 8
Bl (32%) T HBs-Ag HiEBHE 1 T\w23 (Table
15) FTIZEF S (1974) 2 HB HE L fFka
REFELE & DB T F~, IR O R4 Z I FE
EDORATVBARRRTREENVELTVS, £ FOFF
MO RREITIE RO IO H5 54, HBs-
Ag L BEELZBEEEZFOIONFEET L L3R
THRRLEBZ I\,

Anthony & (1972) D" L 7z dysplasia D
&3, ZD%, premalignant condition & L ik
HInCBY, £BRT ChBRon BE, a-
fetoprotein (24 % B E D follow-up % &d T\ 5
(Anthony et al., 1973), Z® X 5 % dysplasia @
FEWBENELE SBT3 BIHEEIC DT #@NL
(Table 16),

ERUEFBEED A OH A 3100 H136 (13%)
KRONTLDATH DR, FFilfamiigo
T L EHEMFEZETIT dysplasia O RB % <
Ron (37.5%), dysplasia & FFiifas & o f§ic
BITHMEESFET S EsEbN S, TOK
%3 Anthony & (1973) OO H# v £ I2B T 3, B
WED A D4 D dysplasia @ HERE 20.3%, I
MR T k- - FFEZE @ dysplasia HE%64.5%
ENSHREZLEDBAHEEERTIOTREd-
7zo L22L, TORBEFOZEL, dysplasia iZo
WT, RECLIHEBEREDOMEIHAS L,
TSRS D LREIBTETCE 2, &4
BOBEHABLETH 5,

RIZ, dysplasia & HBs-Ag & OBRIZDONWT
®it LT & f2\», Anthony & (1973) 2/FHila
BeiEb it FHEZET, dysplasia R o173
DD 64.2%, FFHINLFE % S FFEZ T dysplasia



DRONIIDDT5.8% T HBs-Ag 3BT H -
TEHELTVD, EEOBRRERTIE (Table
17), FFMfasE & kb 2 WEHEHFEZE € dyspla-
sia 3R S N7z 134IH11141 (84.6%) , AR %
S ERHEFFEZ T dysplasia 23R S 723941
326 (82.1%) |z HBs-Ag #$ZEFH & v, Anthony
5 (1973) OFEL D EERTH 5, % 7 dysplasia
PRADED - EREFEEDAD OB X U
MR S BEREFEE TR 3 HBs-Ag
DB ED - T2o HE- T, dysplasia |3 HBs-
Ag RE2EMTHD L) mEekL &I,
Anthony 5 (1973) 3T 5L I T, FIBRE
THLTRBENDLIDEZEZ 0,

Frnfe oS it s ds, FPMRE~N L BITT2
BIfRiZH L L Lics (EiHh, 1965), HBs-Ag #%
ZDREHEBIELI 3N Db i3, HBs-Ag
DRB~DEEERBELTWHESKEDLN L,
ZOES A BIEEL LT BRI E ERETRR L
(Figures 2, 3),

EH#13, FHREOEME % Edmondson 4
BItESHTHEL, BE L HBs-Ag BitEHR L
OO E % T, WHEOBITIZFE % HEE
BERONHTCEBTELD - T,

WRITHMmREED FiItRoniz HBs-Ag IZon
TEALTHIc\n, kD6, FlaEoEmiarr
T HBs-Ag #RAIHFC LR FFITHELEI N,
b¥EhicEs 1973), EHS (1974) O#HE %
RARZTELR N, FEHEITFMBED 2HITBNT,
ez HBs-Ag 23EM L, < OB %I
L7z (Figures 6,7,8), ZD &I %t LARFINK
CHREIN BT HBs-Ag 2 »wihik
eI N FHEREORIIR o Tn D,
ThiEowT, B S (1974) BEE~DY 4 v
A BYT kY, HBs-Ag AR TEHLI %
Al H B LT, EHIHMEOHKRE
12, HBs-Ag & ¥ %3 - T 50T, e
H1Zdh -7 HBs-Ag 23, FEldHSDBOBEKT
(zZoE D HBs-Ag 03HE L7zh E S 3R
BHTH 500, e, oRRBIIEMIE trans-
form Licit3hdboF, €03 HBs-Ag i

BINTWAIREBLEZ -, LndORFHE.
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BROBEDREO BERAICOA HBs-Ag H3EE
HEh, BRICET2EABONMEICS HBs-Ag
BRONLNSTH L (Figures 7, 8),
PLEDTRIZEHEOBRFB R & meITRE
LTR2E, 1, BRHHEICBT >EMHER
WE, FHiEoZRHME T HBs-Ag BHOZER
HHBEOZRICEISIDLHEEZINRL L,
% 2T HBs-Ag BF£Z O ZOMERB L
L TOEMBEFEE B & CHF MR D R L # B
KEELZRE 2> TnELEERLATIOD
LEZ D, o

WRIE LT

1) HAREARBHROAERICE - THEFH
k3L, 19644-1973 FDI0EMOEBRZEIC
B HEHEFELE B L CHFHEOBL#RIE
TLHEER, AERRO2EVEHOHEBICHN, £
NENLAMEBLUL6METH-Tco ZOBRIBE
S 1T B N T, EREFEEL S T MR
BERLTVWDEENIBED—EHERLTNE D
DEZZ T, « '

2) RPMOEBRRENRAICE T 5EHRET
BEZ M AP ARAEE 245 SAREIZ45.9% C, FFHIlesE
VEMHEIFEE 2D HER8L.2% TH T C
D& DT, EHEMEFEE L FRRE L O RITRE
ODURELBEBRONL, COWMEDMHBERR
LELHOFEHEERT, BBE L0, Lt
TEEHE ITE T 5 FHED LRI ERENF
WEDBRICHRTLERETCLNTE S,

3) LEoHMTIBY AHBADD L, FFEE
%, BB RENSOBERETCHFEBD <
57470y ) BREINTNWS 353 LRE
HEsmickEL, REOLHESB L UCHROBR
175 L#ICEFDOA 4 VEEICK D, PR
WD HBs-Ag *#ifal, ThoFERBOKELE
LT® HBs-Ag 0lEDHEE, BEL®KRH L7,
OB, Mk, FEsEo SFFELP Wilson
W, IS IELT B & U /NG SIEFREZ I
HBs-Ag 1 I3 BHINE o7 THITHL,

EREFEE T3 52.9% DIEFIC HBs-Ag A33E
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HINT, 7, ERBEFEEDS 5Th, KA
R EMES 3DOTE, kbin3Ioo 2L I,
HBs-Ag dstiid iz, FEE b2 WERYE
FF@iionwTR2 L, FHRED32%C HBs-Ag
BEESINLDITH L, FEE kb A WIBER
KafE, FREFBEORAR T3 143 HBs-Agid
BEiIhEtdhoTco TNSDT EED, BlFHA
TBNTY, EREFEES X CFARED KR

L LT, HBs-Ag BHIBEAMERLE T2 L
HEI N,

4) FEHHEFEED HBs-Ag BH®iZ,
MaEZES D TIR6EL LOERE T, bk
VN DTIT40~50F D 5, KTT 2HEMmMAER
517 DT, HBs-Ag A ICI3FMHI 2 TR H<BE
Etrdoritwe iz,

5 EMEFEE (FREFEEE OIS
) BT LHEERIEOERM & FHN HBs-
Ag BHRLOMITIE, FEOHEBELZDON
Ahofeo LA L, FHIREE. M BHEEFEE
T, MEREBEHMNETHY Lird HBs-Ag B
HOFOE SR, KRG E KNS ERPEL,
LD LRBERMEIZBT 2 EHRBIEEB L
WROLZHMEBEND IO TR AN EBEL
72

6) EEHEFEEIZEBVWT, FHED dyspla-
sia D HH & HBs-Ag Btk & OMICH#EABARD
Aotz Tz, HHIIE T k- - ERTE

X
1) Almeida, J.D. (1969):

BT, fEbirwnioltik~, BEHRIT dysplasia
MR SN B - T dysplasia |2 HBs-Ag I2X %
ERTHDENI WJREHEL L ICHERETH S
AREHNRH D DD EEZ T,

7) FrRiR kS Ei PR BT ERIC, HBs-Ag AsiE#
TEHHSY , HBs-Ag ORIE~DES +R%
THHFEE LTI L

8) fFMilaEoBEHE L HBs-Ag BHRLD
BICiE, B-%20 LicHBlETRAHTCLNT
EhdoT,

9) 2HOFmiREOEMIAFIT HBs-Ag #3
W, TOEREIREL, BEHlDIT HBs-Ag 43
FETOHBEIZDWTETOERE*H AT,

E il 2

AR EDRITITHRIE, THEBRYATEWLER
REBBREZHETREZTMARAE T HEERITE
#HLET, 7, THEH Ko RELEE
EBTEHL TS, BROERICHD, 7oy
7RG L THN - EBRERETE R BLE
BREER, SomBLLFREE, WEREBERE
ERBAPRMEZR BEHZ MG R —ERRE
VT IS TS R SR Y 92 TR B e B IE R TR
HLEd, 2BTHERA-EBREERER €
v —FBNGRESR, LLRERFPERPERER
EHEHR, PRBEMICHELEELET,
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HEPATITIS B SURFACE ANTIGEN IN CIRRHOSIS
OF THE LIVER AND PRIMARY LIVER
CARCINOMA IN NAGASAKI AREA:

A HISTOPATHOLOGICAL STUDY

TeTsuro Kanpa
Received for Publication 15 March 1977

The annual of pathological autopsy cases in Japan indicate that out ot 4,760 autopsy cases at
Nagasaki University during the period 1964 to 1973, 445 (9.39%,) are cirrhosis of the liver and 240 (5.09%)
are primary liver carcinoma (PLC), and that 392 (88.1%,) of 445 cirrhosis are atrophic liver cirrhosis
and 180 (45.9%,) of 392 atrophic liver cirrhosis are accompanied with hepatocellular carcinoma and
218 (90.8%) of 240 PLC are hepatocellular carcinoma. The data show that atrophic liver cirrhosis
and hepatocellular carcinoma are relatively higher in incidence in Nagasaki area than other parts of
Japan as has been suggested before.

Hepatitis B surface Antigen (HBs-Ag) of 353 autopsy cases of liver diseases during the same period,
especially cirrhosis, PLC, and acute, subacute liver atrophy and chronic hepatitis was investigated by
Shikata’s staining method of HBs—Ag using orcein after formalin fixation and routine paraffin processing
sections of liver tissues. HBs—Ag were detected in liver diseases as follows: 110 (52.9%) of 208 cases of
atrophic liver cirrhosis, none of 10 cases of micronodular cirrhosis, none of 29 cases of specific types of
liver cirrhosis such as biliary, cardiac, parasitic cirrhosis and Wilson’s disease, 82 (63.69%) of 129 cases
of hepatocellular carcinoma, two (9.59%,) of 21 cases of cholangiocellular carcinoma, one (209%) of five
cases of combined type of PLC, none of 10 cases of acute liver atrophy, four (22.2%,) of 18 cases of sub-
acute liver atrophy, three (15.89%,) of 19 cases of chronic hepatitis, active type, and one (14.3%) of seven
cases of chronic hepatitis, inactive type.

The incidence of HBs—Ag in atrophic liver cirrhosis without hepatocellular carcinoma showed
a decrease over fifth decade and also decreased over seventh decade in atrophic liver cirrhosis with
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hepatocellular carcinoma. HBs-Ag was found over two times more in frequency in atrophic liver
cirrhosis accompanied with hepatocellular carcinoma (74 of 104 cases; 71.29,) than those without
hepatocellular carcinoma. HBs-Ag was demonstrated in eight (329%,) of 25 cases of hepatocellular
carcinoma without atrophic liver cirrhosis and not in any cases of cholangiocellular carcinoma without
atrophic liver cirrhosis and combined type of PLC without atrophic liver cirrhosis. There was no
difference in the presence of HBs—Ag between atrophic liver cirrhosis showing active pattern of stromal
inflammatory reaction and those with inactive pattern, regardless of having PLC or not. Liver cell
dysplasia was found more frequently in atrophic liver cirrhosis with hepatocellular carcinoma (39 of
104 cases; 37.5%) than those without hepatocellular carcinoma (13 of 100 cases; 13%). There was
significant relationship between the presence of HBs-Ag and the appearance of dysplasia in atrophic
liver cirrhosis with hepatocellular carcinoma (32 of 39 cases; 82.19%) and without hepatocellular
carcinoma (11 of 13 cases; 84.69%,). HBs~Ag was stained in nodular hyperplasia in several cases of

<

atrophic liver cirrhosis. HBs-Ag was demonstrated as “inclusion body type” in tumor cells in two
cases of well-differentiated hepatocellular carcinoma.

These results showed that atrophic liver cirrhosis and hepatocellular carcinoma, which predominate
in Nagasaki area, were associated with the presence of HBs—Ag histopathologically and that HBs-Ag

may play a etiological role in most cases of atrophic liver cirrhosis and hepatocellular carcinoma.

Department of Pathology, Institute for Tropical Medicine, Nagasaki University.
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Figure 1 Atrophic liver cirrhosis (Nagayo’s B typ2) with active stromal
reaction (H. E. stain x 27).
Marked mononuclear cell infiltration and so-called piecemeal

necrosis are recognized in the stroma

Figure 2 HBs-Ag in hyperplastic nodule (Orcein stain x 27).
Showing many inclusion type HBs—-Ag, which are scattered in
hyperplastic nodule



Figure 3 HBs-Ag in the hyperplastic nodule (Orcein stain X 67.5).
High power view of Figure 2

Figure 4 Liver cell dysplasia (H.E. stain x 27).
In the center of this figure, a group of hepatocytes with nuclear pleo-
morphism and cytoplasmic enlargement is showing. From a case of
hepatocellular carcinoma associated with atrophic liver cirrhosis
(Nagayo's B type) '
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Figure 5 Liver cell dysplasia (H.E. stain x 135),
High power view of same case as Figure 4. Marked nuclear
pleomorphism and cytoplasmic enlargement of hepatocytes are

evident

e

Figure 6 HBs-Ag in hepatocellular carcinoma (Edmondson’s grade II,

Orcein stain X 270).
In the center of this figure, inclusion type of HBs—-Ag is demon-

strated



Figure 7 HBs—Ag in hepatocellular carcinoma (Edmondson’s grade 11, Orcein
stain X 67.5).
In the center of this figure, several inclusion type of HBs—-Ag are
easily recognized in hepatocellular carcinoma cells. HBs-Ag is also
demonstrated in non-cancerous liver cell just adjacent to the hepato-
cellular carcinoma

Figure 8 HBs—Ag in hepatocellular carcinoma (Orcein stain x 270).
High power view of Figure 7
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S

Photo. 3~6 Ones in the biopsy specimen of patients. (H.E. x 300)
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BARERERE: Melcher (1943) HiE # R
L, ZOB#EIZ & >~ %7 N& (Bi#ETE) 30 meg/
ml DEE#E (2°) »5 2BERERY @) %
fER LT, ZOBUBRABMEERE L (FES,
1964),

Circumoval precipitin (COP) X b &12[&E :
COP 7 = b iZ Oliver-Gonzalez (1954) @ Bz
¥, I MIFC # (Blagg et al., 1954) %3
o HMBT %o 7o

B

EBREROER
FER L RINHIARK : Table 1 0L S5 ILBRE

1&

Table 1 Correlation between the age distribution and incidence of fresh eggs by rectal
biopsy, with reference to egg-positive cases in feces
Property of the egg The egg by stool examination
Sex Age by rectal biopsy
Fresh All Old Total (+) (=) Total
15- 2 (100) 0 (0) 2 (100) 1(8.3) 11 (91.7) 12 (100)
30- 11 (36.7) 19 (63.3) 30 (100) 1(2.9) 34 (97.1) 35 (100)
M 45— 5 (41.7) 7 (58.3) 12 (100) 0 (0) 17 (100) 17 (100)
60— 3 (18.8) 13 (81.2) 16 (100) 2 (10.5) 17 (89.5) 19 (100)
Total 21 (35.0) 39 (65.0) 60 (100) 4 (4.8) 79 (95.2) 83 (100)
15— 1 (100) 0 (0) 1 (100) 1 (33.3) 2 (66.7) 3 (100)
30- 3 (33.3) 6 (66.7) 9 (100) 0 (0) 13 (100) 13 (100)
F 45— 9 (26.5) 25 (73.5) 34 (100) 2 (4.8) 40 (95.2) 42 (100)
60— 0 (0) 13 (100) 13 (100) 0 (0) 9 (100) 9 (100)
Total 13 (22.8) 44 (77.2) 57 (100) 3 (4.5) 64 (95.5) 67 (100)
15— 3 (100) 0 (0) 3 (100) 2 (18.3) 13 (86.7) 15 (100)
30~ 14 (35.9) 25 (64.1) 39 (100) 1 (2.1) 47 (97.9) 48 (100)
M&F 45~ 14 (30.4) 32 (69.6) 46 (100) 2 (3.6) 57 (96.6) 59 (100)
60- 3 (10.3) 26 (89.7) 29 (100) 2 (7.1) 26 (92.9) 28 (100)
Total 34 (29.1) 83 (71.9) 117 (100) 7 (4.7) 143 (95.3) 150 (100)
(): %

HTHRIGE, 0RULOEBEBCRERLERE
AT EHINOBE S R ERH5590% (26/29)
LB, HBHE Lvailt: &L Eiz10%
(8/29) &4kt otco —H15E V29T TOD

HEB TR, 2BHECHITOEMI 1M 20
s, HBEMEFLREME3IMP3HA (100%)
EZBpotio TNERIRT S E Figure 1 0L S
%Y, CORFEHRINTNL, 2BERG
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Figure 1 The incidence of cases of all old eggs
or containing fresh eggs in rectal
biopsy among different age groups.
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Figure 2 The incidence of cases of all old eggs
or containing fresh eggs in rectal
biopsy among different number of the

eggs.
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Figure 3 Anoscopic findings in the patients of schistosomiasis japonica in
relation to the number or freshness of the egg.

N: Normal, Hy: Hyperemic, A: Anemic, G: Granurated,
H: Hemorrhoids, P: Polyp

Table 2 Changes in the number and freshness of eggs in the rectum by Niridazole

First rectal biopsy Period Second rectal biopsy
Case Sex Age N Property after
o. of eggs of eggs treatment No. of eggs Property of eggs

1 M 33  countless half fresh 6 months 5 degenerated

2 M 36 100 1/3, fresh 23 days 5 degenerated

3 M 38 200 1/4, fresh 10 days 200 all old

4 F 47 700 mostly fresh 27 days 60 all old

5 F 53 85 partly fresh 6 days 70 2/3 calcified, 1/3 deg.
6 F 54 50 mostly fresh 10 days 0 indescribable (no egg)

deg.: degenerated

3771 FUCHBRO MM TESAONOAT, BHEE HMETEEE HEHELLCEDS
o4 MICRFRSED -7 1T BTIR, 3H e, Tab5MBHRE, HaMEaiAZIl
RYBORBRUMEEEEIC, S5ARBEDDR BREHoT, COXS THBZENRFRZAMO
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Table 3 Comparison between the raw and histological specimen in rectal biopsy

Raw specimen

Group Case

Pathologic histology

No. of  Property of No. of Property of Other Diag-
eggs eggs eggs eggs findings nosis
1 6 all old 0 — none NPD
2 30 allold 1 fairly old none Cs
I 3 32 allold 0 — none NPD
hypersecretion of
(all old) 4 100  all old 0 — the mucosal glands NPD
5 180 all old 0 — none NPD
1 11 relatively fresh 1 somewhat old none CS
2 16  partly fresh 0 — none NPD
3 40 relatively fresh 0 — none NPD
4 70  partly fresh 0 — none NPD
11 5 80 relatively fresh 4 fairly fresh edematous Cs
(fresh) 6 100  half, fresh 5 relatively fresh a few eosinophiles CS
7 150  partly fresh 0 — edema NPD
i distinct miracidia, edema, and a few
8 200 partly fresh 5 relatively fresh eosinophiles CsS
9 240  partly fresh 5 somewhat old slight edema CS
10 300 mostly fresh +H irex:?atxlc\;(eill}; distinct a few eosinophiles CS
11 700  mostly fresh 5 somewhat old edematous Cs

NPD: No pathologic diagnosis, CS: Chronic schistosomiasis

Table 4 Correlation between the skin test and the egg by rectal biopsy

The egg by rectal biopsy

Skin test
(+) (—) Total
+ 112 (57.4) 83 (42.6) 195 (100)
— 5 (22.7) 17 (77.3) 22 (100)
Total 117 (53.9) 100 (46.1) 217 (100)
() %
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f%ﬁﬁ’.o
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BARIG : B#ICC B3I 37243, Table 4
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T RARGA YT H 5 D12k h IR B 51322
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S5HIZO2WTHHT 5L Tableb D&kS51iz, 4
BIZARU ETZ DS b 3FI61EL LD EBE
THoTeo TRBIKINTNG 10T T %
{, LD23FTXTHIAIRTH - T,
RARIGEE & A ip HEO BT 25 L
Figure4 0 &k 512, H¥iaesEcid BEQ v -
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Table 5 Analysis of the 5 skin-test negative cases, in whom the eggs

were positive by rectal biopsy

The egg by rectal biopsy

Case Sex Age
Number Property
1 M 61 6 all old
2 F 41 30 degenerated
3 F 46 70 calcified or degenerated
4 F 64 10 calcified
5 F 72 13 calcified
% 5 56 46 10 CASES
90 - (=) (+) EGa 100 9% ¢
. o)
40 ;o
g 20 | ,I AR g r100<
w W
3 / \ 3 50 £100
'5.":' 20 4 !/ S \0 & \
o A A [T
10 - 22 78 75 42 CASES
o
0 0 0o~3 a
(__) 20~2 25~5 23~11 (_) 2 2 ~7 28~11
THRESHOLD VALUE THRESHOLD VALUE
( SKIN TEST ) ( SKIN TEST )
Figure 4 The incidence of the egg-negative and Figure 5 The incidence of cases below or over

-positive cases in rectal biopsy among
different groups of the threshold value
of the skin test.
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100 eggs in rectal biopsy among
different groups of the threshold value
of skin test.
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Figure 6 The incidence of cases of all old eggs
or containing fresh eggs in rectal
biopsy among different groups of the
threshold value of skin test.
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Table 6 Correlation between the stool examination and rectal biopsy

The egg by the
stool examination

a) The egg by rectal biopsy

b) Property of the egg
by rectal biopsy

(—) (+) Total Fresh All old Total
(=) 65 (44.5) 81 (55.5) 146 (100) 24 (29.6)* 57 (70.4) 81 (100)
(+) 0 (0) 7 ( 100) 7 (100) 5(71.4)* 2 (28.6) 7 (100)
Total 65 (42.5) 88 (57.5) 153 (100) 29 (33.0) 59 (67.0) 88 (100)
Excepted 64 cases without stool examination among the total subjects. ( ): %, *p<0.05

Table 7 Correlation between the COP test and rectal biopsy

b) Property of the egg

CcoOP a) The egg by rectal biopsy by rectal biopsy
test
(~) (+) Total Fresh All old Total
(=) 5 (12.8) 34 (87.2) 39 (100) 6 (17.6)* 28 (82.4) 34 (100)
(+) 1 (11.1) 8 (88.9) 9 (100) 4 (50.0)* 4 (50.0) 8 (100)
Total 6 (12.5) 42 (87.5) 48 (100) 10 (23.8) 32 (76.2) 42 (100)

* p<0.05
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Table 8 Difference in the number of the egg between the anterior and posterior wall

of the rectum

Male Female
Case
Anterior Posterior Total Anterior Posterior Total
1 0 11 11 0 150 150
2 0 300 300 1 50 51
3 2 30 32 2 0 2
4 5 1,000 1,005 2 0 2
5 30 120 150 10 90 100
6 40 0 40 16 0 16
7 40 10 50 20 0 20
8 60 20 80 45 40 85
9 100 0 100 300 400 700
10 130 20 150 — — —
11 180 0 180 — — —_
12 200 40 240 — — —
Total 787 1,551 2,338 396 730 1,126
(Mean) 66 129 195 44 81 125
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STUDIES ON SCHISTOSOMIASIS JAPONICA WITH
PARTICULAR REFERENCE TO RECTAL BIOPSY

2. Value of rectal biopsy

Etsupt Kamo!, Masaru MiINa? AND TATsusar IsHIZAKIS
Received for publication 5 August 1977

For the clinical evaluation of rectal biopsy, 217 patients with a variety of complaints, who were
treated in the Koma-Kyoritsu Hospital during 1967 to 1973, were tested by rectal biopsy, the threshold
value of skin test, the COP test and feces examination under the suspicion of chronic schistosomiasis
japonica.

1) The detection rate of fresh eggs by rectal biopsy was markedly higher in the younger age-group
below 30 years. This rate became also significantly higher in parallel with the increase of egg-number
in the rectal specimen.

2) The incidence of hemorrhoids was significantly higher in the group with old eggs only than
that containing fresh eggs.

3) After the treatment with Niridazole, the eggs detected by rectal biopsy decreased in number
and they were degenerated or destroyed as compared with the pretreatment status.

4) Histological examination of the stained specimen obtained by rectal biopsy showed such
reaction as eosinophilia of slight degree or edema around the fresh eggs, suggesting an antigenicity of
the fresh eggs. However, it was of less importance from the diagnostic point of view, comparing with
the press examination of the raw material, because of difficulty to discover the egg and to observe it
au naturel.

5) In accordance with the increase of the threshold diluting grade of positive skin test, the number
of the egg became larger, moreover, the incidence of fresh eggs became higher by rectal biopsy, that is,
the number and quality of the egg had a correlation with the threshold value of skin test.

6) Even in the egg-negative cases in feces, the possibility of finding the egg was 56% by rectal
biopsy. The incidence of the case containing fresh eggs in the biopsy was significantly higher in the
egg-positive cases than the egg-negative ones in feces.

7) The incidence of relatively fresh eggs in rectal biopsy was significantly higher in the COP-
positive group in comparison with the COP-negative group.

8) Though the technic was rather difficult, more eggs were found statistically in the posterior
wall of the rectum than in the anterior. However, even though in small number, the probability of
finding the egg was larger from the anterior wall than the posterior in woman.

Thus, rectal biopsy was of great value in the diagnosis and treatment of the disease in Japan.

1 Division of Internal Medicine, Koma-Kyoritsu Hospital; Kushigata-Cho, Yamanashi-Prefecture,
400-03, Japan. 2 Yamanashi Prefectural Hygiene Laboratory. 3 Department of Clinical Immu-
nology, Dokkyo University School of Medicine; formerly, Department of Parasitology, National
Institute of Health, Tokyo.
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HELMINTHES OF ANIMALS IMPORTED IN JAPAN

I  Tanqua ophidis Johnston and Mawson, 1948 of Water Snakes
from Samarinda, Indonesia

Nosoru KAGEI! AND YUKIO SHOGAKI?
Received for Publication 1 August 1977

Abstract: The paper deals with the description of one species of nematode, Tangua
ophidis Johnston and Mawson, 1948, all collected from water snakes in Samarinda, Indo-
nesia by Shogaki.

In the tropical and subtropical of the world, many infectious diseases have
prevailed endemically. Accordingly, the modern air travel and the import of several
animals can bring many tropical diseases to Japan. From the importance as
zoonoses of animal-parasites, the authors have examined the parasites of animals
imported or invaded from the several regions of the world to Japan.

In this paper, the authors described on the results of examination of water snakes
invaded from Samarinda, Indonesia. During September 13, 1970 to August 6,
1976, one specimen of Enkydris enhydris (Schneider) and two specimens of Acrochordus
Javanicus Hornstedt embarked on Samarinda and imported to Kinu-ura of Japan,
were examined for parasites. They proved to harbor a species of Tanqua ophidis in

Table 1| Survey of parasites in the snakes imported from Samarinda, Indonesia

Number of Tanqua

Date of Port of 3 o
Hosts collection embarkation Port of entry Habitat ol Fop ) zls .
ale emale ota
Enhydris ]
eniydris Sept. 13, Samarinda, Kinu-ura, Japan Stomach 8 15 23
(Schneider) 1970 Indonesia

Acrochordus Nov. 10,

Javanicus Samarinda,

1970 Indonesia. Kinu-ura, Japan Stomach 31 15 46

Hernstedt
Acrochordus ) Stomach 48 46 94
Javanicus Aulg9'7(639 S?nc!iarmda’ Kinu-ura, Japan Esophagus 37 37 75%
Hernstedt ndonesia

Rectum 1 1 2

*: Sex unknown=1 specimen

1 Division of Parasitology, the Institute of Public Health, Tokyo.
(Present: Department of Parasitology, the National Institute of Health, Tokyo)

2 Department of Medical Zoology, Faculty of Medical Technology, Fujita-Gakuen University,
Aichi.
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the trachea, esophagus and stomach as shown in Table 1. The nematodes were
fixed in 10 per cent formalin solution, cleared by glycerin-alcohol, and their mor-
phology was investigated.

Tanqua ophidis Johnston and Mawson, 1948

Description: Gnathostomatidae, Nematoda. Male 19.7-50.8 mm, female 25.1-
51.3 mm in length; 0.40-1.00 mm in male, 0.60-1.10 mm in female in maximum
width (Photograph 1. left: female; right: male). Esophagus (Photograph 2) of
female 3.16-4.34 by 0.30-0.38 mm, of male 2.74-5.49 mm; and collar 50-93 x and
72-99 p long respectively. The head bulb (0.07-0.12 by 0.19-0.35 mm in female;
0.07-0.15 by 0.16-0.31 mm in male. Photograph 3: ventral view; Photograph 4:
lateral view) coarsely striated transversely (number about 10), subdivided anteriorly
into two dorsoventral swellings. Cuticle posterior to head forms more or less sharply
expressed collar. The nerve ring is 0.44-0.50 mm from the anterior end in the
female; 0.37-0.64 mm in male.

The vulva (Photograph 5) lies at 22.4-34.4 mm (65.7-71.8%,) from anterior
extremity. Oviparous. The eggs (Photograph 6) oval with thin shell 60.1 (56.4—
65.9) p by 39.5 (35.0-42.4) p.

The tail 0.80-1.22 mm in female (Photograph 7); 0.22-0.48 mm in male

(Photograph 8 and 9) in length, with well developed caudal alae. The two spicules
" (Photograph 10) same length, 1.36-1.82 mm; typical of the genus, stout, tapering
slightly, somewhat swelling at the tip, and beset with fine stiff bristles. The ar-
rangement of the caudal papillae in the male adanal one and postanal four (Photo-
graph 9). Posterior end of the body provided with series of oblique muscle-bands
on either side of the ventral surface, extending for some distance in front of the anus

(Photograph 8).

DiscussioN

Skrjabin (1969) described in the ‘“Key to parasitic nematodes’ that the head
bulb is armed with transverse striations without hooks or spines in Tangua in which
it is subdivided externally into two swellings. And then all the above measurements
fall within the range of Tanqua ophidis recorded by Johnston and Mawson (1948).
Although Johnston and Mawson (1948) had reported Tangua ophidis from a fresh
water snake, Natrix mairit Gray (type host) collected in the north-eastern coastal region
of Queensland and from Acrochordus javanicus, Leehardt River, North Queensland,
Tanqua ophidis had not been reported from Japan. Accrodingly, this species is first
recorded in Japan.

This is nematode of medium size, somewhat resembling an Ascaris in general
build, and inhabiting the stomach and intestines of reptiles of more or less quitic habits.
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