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PREFACE

Considering the enormous and rapidly expanding information we have on liver
functions, morphologies and even their interrelationships, it is surprising how
little we know about the liver in relation to the age. While a number of
pioneering researchers are working on the effect of aging on the liver, most of
biochemists, physiologists or even pharmacologists primarily engaged in liver
studies, appear to be too busy with relatively immediate research activities to

pursue the relevance of aging to even their own experimental systems.

Clinicians are not an exception to this.trend. |In today's geriatric practice,
the aging of the liver has not received proper attention, doubtless in part;

because of the vast reserve capacity of the liver functions. |In recent years,
clinical pharmacological studies have provided most of the practical informa-

tion on the clinical relevance of aging to liver functions.

From the limited information available, we are the more intrigued by the diver-
sity and discrepancy among the results reported as age-dependent changes in the

liver.

Perhaps, it would be more accurate to say that this lack of data is not so much
due to a lack of scientific interest in aging by majority of researchers, but
rather to the lack of availability of aged animals. A very minimal estimate is
that a healthy 3-year-old rat costs approximately $800. It does not mean, how-
ever, that anyone can do experiments on 20 old animals if they have $16,000.
The mere availability of old animals, at present, is quite limited in almost
every country in the world, and this further confounds the difficulty of repeat-
ing and confirming observations. Clinical studies are more difficult from the
ethical point of view and are also extremely time-consuming if designed on a
longitudinal schedule. Thus, we need to make the best possible use of our

information on aging and expend our utmost efforts on careful interpretation.

In view of the above we were very pleased to take the opportunity of having the
11th International Congress of Gerontology in Tokyo to be able to have some 50
participants from 10 different countries in a Tokyo Symposium 'Liver and
Aging-1978“. We are also fortunate in the diversity of the background, which

ranges from basic biology to clinical medicine.

It was hoped we would not only out-line what is presently known about the liver
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and aging but also that we would plan future work. Furthermore, it is our ambi-
tion to promote the recognition of the importance of aging among biomedical

scientists in general.

The results of our deliberations are contained in this volume. |If it fulfills
some of our original purposes, it is due to the efforts of our enthusiastic
participants. Though, of course, the results do not uncover all the com-
plexities of the aging liver, we hope that the proceedings are another step

toward our objectives.

As the organizer of this Symposium, it is my pleasure to acknowledge my debt to
Professor D. Platt who arranged what is to my knowledge the first ''Liver and
Aging'' seminar, the IV International Symposium for Experimental Gerontology at
Giessen 1977. Professor Platt demonstrated by his successful meeting the
possibilities inherant in international cooperation and encouraged us during

the difficult period of organizing the present meeting.

Last, but not least, | would like to express my sincere gratitude to
Dr. C.F.A. van Bezooijen for his continuous help before, during and even after

the Symposium.

Kenichi Kitani
Tokyo
September, 1978
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HEPATIC CELLS OF THE AGED

HISASHI TAUCHI and TSUNEKO SATO
Department of Pathology, Aichi Medical University and Department of Clinical
Pathology, Aichi Cancer Center Hospital, Aichi Prefecture, Japan.

There have been many studies on the problems of senile changes and much
discussions on the nature of age changes. However, there are many questions to
be clarified in the future. Tauchi and his co-workers have hbeen studying for
many years on the age change of organs and tissues at the cellular and sub-
cellular levels, using human materials and experimental animals. Some of the
results obtained by them will be presented together with consideration
especially on the age changes of the liver.

FUNDAMENTAL MORPHOLOGY OF THE SENILE CHANGES OF THE LIVER

The autopsy findings generally accepted as senile changes are sclerosis of
the vessels, fibrosis and regressive changes such as atrophy, degeneration and
pigment deposition. Arteriosclerosis and fibrosis of the organs are important
signs of senility in the human beings, however, they are not considered to be
the senile changes in the strict sense. One of the most important points in
the fundamental morphology of senile changes of the Tiver is an atrophy or
a decrease in weight, which is considered not necessarily due to sclerosis of
organ arteries and fibrosis].

In this paper, the senile atrophy of the Tiver will be discussed at the
cellular and subcellular level with special reference to the correlation
between morphology and function.

AGE CHANGES OF THE LIVER AT A CELLULAR LEVEL

In case of malnutrition, decrease in volume of hepatic cells is usually
more marked than decrease in weight of the liver, while in senile atrophy of
the Tiver, the hepatic cells are frequently increased in volume, and vari-
ability in size of the cells is noted, with rather constant or even larger
mean volume with advancement of age. From above, atrophy of the liver in
senility is due to decrease in number of the hepatic cells in contrast to the
case of malnutrition, where the atrophy is due to decrease in their vo]ume]’z

( Fig. 1 ).
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In the Japanese autopsy cases, the number of hepatic cells begins to
decrease in the sixth decade, decrease significantly in the eighth decade and
markedly thereafter. On the other hand, binucleate hepatic cells increase in
number with advancing age, reaching the maximum value in the seventh decade,
and decreasing thereafter. However, hepatic cell nuclei show an increase in
size in the age groups above 70 years, in which the irregularity in nuclear
size was also marked. In other word, in the course of aging process, the
decrease in number of hepatic cells is accompanied by binuclearity of the cells,
which is later replaced by increase in volume of the nuclei ( polyploidi-
zation )3 ( Fig. 9 ).

We examined histologically and histochemically the so-called dark cells of
the hepatic tissues, and placed emphasis on the following points4 ( Fig. 2 );
the so-called dark cells were considered to manifest features of condensation
and dehydration of cytoplasm, to represent a stage more or less transitory
from sol to gel condition of cytoplasm, and to be in a condition of a marked
lowering of electric charge of the plasm. From the above mentioned findings
associated with other facts, some of the dark cells should be a picture of
spontaneous senile decay of hepatic parenchymal cells. So the hepatic
parenchymal cells are considered to disappear after passing through a picture
of dark cells even under the physiological condition, in which the hepatic
cells physiologically regenerate to maintain a constant number of cells. In
other words, decrease in number of hepatic cells in senility is considered to

be due to lowering of regenerative ability of the cells and/or to increasing
loss of the cells.

Fig. 2. So-called dark cells in the hepatic tissue
a. light microscopy b. electron microscopy



Tauchi previously proposed that the lowering of regenerative ability of the
cells may be due to inhibitory factors for cell division]. The inhibitory
factors seem to be put out, possibly the usage of the word " secreted " may be
rather fitted, into tissue fluid from the cells, and are principally specific
for the same kind of cells which produce these factors. Secretion of these
factors from the cell ought theoretically to stand in an intimate relation
with differentiation of each cell, which is considered to become higher with
advancement of maturity grade and necessarily with the senility grade of the
cell. As mentioned before, the hepatic cells of the aged are frequently
larger in volume and considered to be in a hyperfunctioning state compensating

the cell Tloss.

Our histochemical study revealed that the hepatic cells of the aged are not
in the state of degeneration or malnutrition but rather in active state5’6.
At any rate the binuclearity and increase in volume of nuclei, polyploidization
of the hepatic cells, as mentioned before, are considered to be some expressions

of an active state of cells in conditions where cell division is inhibited.
o

Succinic dehydrogenase (SDH) activity of the hepatic cells was not decreased,
but rather increased especially in the binucleate and giant nucleate ceHs5
( Fig. 3 ). The hepatic cells of the aged, which are considered to be in an
active state, may have more Timited reserve power, and more readily exhausted
to become the above mentioned dark cells, which are noticed more frequently
in the aged4‘6.

Fig. 3. Histochemical demonstration of SDH activity in the rat liver
a. old ( 24 months old ) b. young adult ( 6 months old )



AGE CHANGES OF THE HEPATIC CELLS AT A SUBCELLULAR LEVEL
Our ultramicromeasuring studies have shown that the mitochondria were fewer

in number and larger in volume in old rats and mice7’8’9. Mitochondria of the

human hepatic cells of the aged are also decreased in number and increased in
average value of the area and circumference]o ( Fig. 4 ).  The number of
mitochondria is significantly decreased with age after 60 years, but their
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size is not significantly increased for another five years, and increases
significantly after 65 years of age. Total mitochondrial area per hepatic cell
area ( areal ratio of mitochondria to hepatic cell cytoplasm ) ( Fig. 5 ) also
increases according to age, but it slightly decreases in the period between
60 and 65 years of age, where the cristae of the majority of the mitochondria
are ultramicrometrically observed to be more compactly arranged than in the
cases under 49 years of age. Although the total mitochondrial area per
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Fig. 5. Age change in total mitochondrial area per hepatic cell area

hepatic cell area is the largest in the groups above 70 years of age, the
mitochondrial cristae are noted to be rather thinly distributed compared with
the cases in the preceding decade]]. The majority of the enlarged mitochondria
in the aged show no degenerative signs ( Fig. 6 ). The hepatic cells of

the aged generally show no significant decrease in activity of SDH and of
cytochrome-C-oxidase.

From above, it is proposed that the mitochondria in the hepatic cells
of the aged are hypertrophied in order to function more actively in compensa-
tion for the decrease in their number. From the fact before mentioned on
the correlation between mitochondrial size and their cristae according to
age, the hypertrophy of the mitochondria to compensate a decrease in their
number in the aging process seems to start with an increase of the cristae

which precedes the actual increase in sizell.



