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SUMMARY

     Four-week old and twelve-week old female Wistar rats were used in a long-term 

survival experiment undertaken as an investigation of ageing in the living body. Lipofuscin 

in the Purkinje cells, myocardial cells and hepatic cells of the rats was observed electron 

microscopically, and ageing in the living body was investigated by morphometrical analysis 

of lipofuscin. At the same time, the acceleration of ageing due to irradiation was inves-

tigated. As a result, the accumulation of lipofuscin with ageing in Purkinje cell and 

myocardial cell corresponding to a post-mitotic cell was shown in both irradiated and 

control groups. For that reason, it was conjectured that lipofuscin can be regarded as a 

morphological marker, although the accumulation of lipofuscin in hepatic cells having high 

regeneration potential was not shown. Therefore, it is difficult to regard lipofuscin in 

hepatic cells as a morphological marker. Comparing the 300R irradiated group with control 

group, a significant difference (p<0.05, p < 0.01) concerning accumulation of lipofuscin was

A summary of this study was presented at the 73rd Annual Meeting of

the Japanese Pathological Society held in Tokyo in April, 1984.
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shown in only Purkinje cells. The correlation between accumulation of lipofuscin and 

ageing in 300R irradiated groups showed a more significant difference (p<0.05) than that in 

control groups, on the basis of regression lines calculated in the three kinds of ,cell. 

INTRODUCTION 

The mechanism of ageing in the living body is still not fully elucidated, but many 

investigations and theories on ageing have been presented. Ageing is likely caused by 

interaction among numerous complex mechanisms. Many investigations concerning the 

shortening of life span and acceleration of ageing in atomic bomb survivors have been 

performed over the years in both Hiroshima and Nagasaki. Nevertheless, no definite 

conclusion has been reached because the influence of exposure to radiation is probably 

masked by various enviromental, that is, chemical, physical and psychological, factors. 

The author paid much attention to the theory of free-radical due to irradiation, and 

observed lipofuscin (Lf), which is one of the morphological markers, electron micro-

scopically. The author then performed a morphometrical analysis, and investigated 

ageing and its acceleration in the living body. 

MATERIALS AND METHODS 

Forty-four 4-week old and forty-four 12-week old female Wistar rats were prepar-

ed as experimental animals. Twenty four rats were selected from each group at random 

and irradiated with doses of 150R for four-week old rats and 300R for twelve-week old 

rats. The remaining rats were used as controls (Table 1). A TOSHIBA KXC-19-7 was 

used as an X-ray irradiation apparatus. The conditions of irradiation were 200kvp in 

voltage, 20mA in current, Filter 0.5Cu + 0.5Al, and distance from focus was 107.5cm and 

105.5cm for 150R and 300R, respectively. A VICTREEN-555 was used as a dosirneter. 

After irradiation, the general condition of the rats was observed every day and body weight 

was measured every month. The rats were sacrificed by decapitation two, four, twelve, 

and eighteen months post-irradiation. A small portion of the cerebellum, heart and liver 

was removed, immediately dripped with 1.5% glutaraldehyde, cut in slender pieces and then 

fixed in 1.5% glutaraldehyde. After fixation in osmium tetroxide the specimens were 

dehydrated in alcohol series and embedded in Luveak-812. The semithin sections were 
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Table 1. Materials 

Initiated Age Number Do se 

4w 

4W 

12W 

12W 

24 

20 

24 

20 

150R 

Co n t ro l 

300R 

Co n tro l 

#-l 

#-2 

stained with toluidine blue. The ultrathin sections were double stained with uranyl 

acetate and lead citrate, and then observed using a HITACHI-600 electron microscope. 

Cerebellar Purkinje cells (P-cell), myocardial cells (M-cell) and hepatic cells (H-cell) were 

observed, and then photographs of 30 to 36 cells with identified nuclei from each group 

were taken. The areas of both cytoplasm and Lf, and the number of Lf were measured. 

The percent area of Lf with respect to cytoplasm was also calculated using the following 

equation : percentage of area occupied by Lf (%) = LArea of Lf (pnf) / Area of cytoplasm 

(//m') J x 100. The final magnifications on electron micrographs were x 3,000 and x lO, 

OOO, respectively. For measurement the modular system for semiautomatic quantitative 

evaluation images of A. S. M. LEITZ, West Germany, and statistical procedure IBM-4361 

programed BMDP (made at UCLA) were used and produced the display of regression lines 

and the paired t-test. 

RESULTS 

General and Macroscopic Findings 

Some of the irradiated rats suffered from mild to moderate diarrhea for one or two 

days post-irradiation, but recovered within one week. None of the rats had a bloody stool. 

Epilation was observed in 150R and 300R irradiated groups from two months post-irradia-

tion, 0.09% and 0.17%, respectively (Table 2). Post-irradiation body weight in thel50R 

irradiated groups showed a significant decrease (p>0.05) in comparison with that in the 

control groups until four months post-irradiation (Fig. l). No significant difference 

between the 300R irradiated groups and the control groups was acknowledged in post 

-irradiation body weight (Fig. 2). Similarly, the weight of the brain, heart and liver 
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Table 2. General Condition 

Tr eatmen t D i arr hea Epilation 

150R 

Control 

300R 

Control 

,~-l 

#-2 

15/ 24 ( 62 . 5%) 

20/ 24 ( 83 . 3% ) 

2/24( o . 

4/24(o. 

09% ) 

17 % ) 

gm 
350 

300 

_ 250 
. o ,5 
~ 
~0:b 200 

a 
1 SO 

100 

t 

It 

It It 

150R lrradiation group 

1･-e Experiment 

o-o Control 

t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18(month) 
trradiatton 

Fig. l. Comparison of body weight 

showed no significant difference between irradiated and contro 

t p<0.0s 

groups (Table 3). 

Light Microscopic Findings 

Light microscopically it was difficult to observe Lf in P-cell, M-cell and H-cell 

eighteen months post-irradiation, using Hematoxilin-Eosin (H. E.) staining. A few Lfs 

were shown as P. A. S. -positive granules in P-cell and M-cell twelve and eighteen months 

post-irradiation, using Periodic Acid Schiff (P. A. S.) staining. Lf in H-cell, however, was 

not displayed by P. A. S. staining due to rich glycogen particles. 

El ectro n Microsco pic Fin d ings 
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gm 
35O 

300 

. .g, 
e~ 

:b 
1' 

o 
co 250 

300R Irradi8tion group 

e-･ Experiment 

Q-o Control 

f 1 2 
lrrldilt,on 
3 4 5 e 
Fig. 2. 

1 8 e lo 11 12 13 14 Is 
Comparison of body weight 

le 17 18(month) 

Table 3. Organ weight/'Body weight (mglgm) 

Post-Irradiation 2M 4,4 l 2M 18M 

Meants . E . 

(P-cell) 

Lfs were observed in the perikaryocyte of P-cells (Fig. 3), and in the cytoplasm near 

the main dendrite in some P-cells. Each Lf of the old rats increased in size and had a more 

irregular configuration in comparison with young rats (Fig. 4). Sometimes Lfs with small 

lipid droplets were also observed. No morphological differences of Lf were found between 

irradiated and control groups. 
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Fig' 3b (right)' Higher magnification of Fig' 3a' LiPotuscins have a irregutar 

contigutation and a sman vacuolation' 

original magnification x 5'ooo 

Fig' 3a (Iert) PurkmJe ceu ot tour monthS Post rrradlatlon A few smau 

hPofuscins are seen in the cytoplasm near the main dendrite' 

original magnincation x 1'500 

(M-cen) 

Numerous mitochOndria were densely obServed on bOth sides of the etongated 

nudeus' Lfs were obServed among them (Fig' 5a)' Lfs were observed not onty on bOth 

Sides ot the nudeus' but also on the unnateral side of the nudeus' Lfs of Old rats increased 

in size and had a more irregular contiguratiOn in compariSOn with young rats (Fig' 5b)' 

Intracytoplasmic organenas such as endoplaSmic reticutum and GOlgi apparatus etc' were 

Observed scarcely' NOmorphOtogical differences of Lf Were tound between irradiated and 

control groups' 

(H-cell) 

Rich glycogen particles, numerous mitochondria, endoplasmic reticulae and Golgi 

apparatus etc. were observed in the cytoplasm. Lfs were scattered among them. Lfs in 

the H-cells were relatively sma･11 and round, and Lfs with electron low density were 

frequently observed in both young and old rats (Fig. 6). No morphological differences of 

Lf were found between irradiated and control groups. 

Morphometrical Analysis 
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Fig' 4a aeft)' Purkinje cen of eighteen months post-irradiation' several 

large hPofuscins are shown in the cytoplasm' 

original magnification x 1'500 

Fig' 4b (right)' Higher magnrrication of Fig' 4a' LiPofuscins with vacuolation' 

low and high density increase in size and number' and have 

more irregular contigulation than that of young rats' 

original magnification x 5'ooo 
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original magnification x 5'ooo 



RADIATION AND AGElNG 21 

*~* 

!~*~ 

***~ 

Fig. 5b. 

'~j~{i,= 

~ ~r~~1'11~Y' I r~~::::{:::::/~~~:i:::F:~i:::1::II:: 

~~~i~ ~~i~ 

l~i~L ~~~ 

~~~ 

' ' ""*~~i.;~**=' *=>** 

"'i~%~li~_ ~" "' ~,j, 
~i 

Myocardial cell of eighteen months post-irradiation. Lipofus-

cins increase in size and number, and have more irregular 

configulation than that of young rats. 

original magnification X 5,000 

*~ 

(Relationship between ageing and Lf) 

A) Statistical analysis 

The area, number and percent area of Lf increased in both irradiated and control 

groups of P-cells and M-cells (Table 4-7), but there was on correlation between accumula-

tion of Lf and ageing in H-cell (Table 8,9). The area of the three kinds of cell showed no 

change with ageing. 

B) Regression line 

The area, number and percent area of Lf showed a strongly positive correlation (p< 

0.05) with respect to ageing in both irradiated and control groups of p-cells and M-cells 

(Fig. 7,8). However, the above correlation was not acknowledged in either group of H-cell 

(Fig. 9). 

(Relationship between irradiation and Lf) 

A) Statistical analysis 

The area, number and percent area of Lf in 300R irradiated groups showed a 

statistically siguificant difference (p<0.05) when compared with control groups two, four, 
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Fig. 6. Hepatic cell of twelve months post-irradiation. A few small 

and round ･lipofuscins (arrowheads) are scattered among the 

rich glycogen particles and the numerous rough E. R, etc. 

original magnification X 5,000 

Table 4. P-cell in 150R. 

Post-Irradiation 2M 4M l 2M 18M 

Area of cytoplasm 
(um2 ) 

Area of Lf 
(~m2 ) 

Nuxnber of Lf 

Percent area of Lf 

(,) 

150R. 

Controlt-l 

150R. 

Controlt-l 

150R. 

Controlt-l 

150R. 

Control~-l 

315 .8lill . 58 

319 . 76:!:13 . 53 

2.27t 0.26 

2.29t 0.23 

3.78:~ 0.36 

3.36:!: 0.29 

0.73i 0.08 

0.7li 0.06 

357 . 08il3 . 71 

329 . 19:!:ll . 72 

2.72i 0.28 

2.41:!: 0.26 

5.89i 0.48 t J 

4.33i 0.35 

0.77~ 0.08 

0.74i 0.08 

368 . 57:!:14 . 47 

352 . 60:!:13 . 58 

4.29i 0.48 

4.00t 0.52 

6.50i 0.49 

5.46i 0.05 

l.15t 0.13 

l.15i 0.16 

284 . 19:!:12 . 71 

254.3li 8.78 

4.59i 0.54 

5.39i 0.79 

8.78:~ 0.85 

l0.07~: 1.27 

l.65i 0.17 

2.13i 0.31 

Mean:!:S . E . tp< o . 05 

Table 5. P-cell in 300R. 

Post-Irradiation 2,~ 4,, 12N 181C 

Area of cytoplas!n 
(Wn2 ) 

Area of Lf 
(Vln2 ) 

Nurber of Lf 

Percent area of Lf 

(t) 

300R. 

Controlt-2 

300R. 

Controlt-2 

300R. 

Controlt-2 

300R. 

Controlt-2 

260.96f 8.74 325.78il4.77 

25 7 . 86tl2 . 53 314 . 28tl3 . 91 

3.38t 0.2 .t 3.88~: 0.43 

2.14i 0.2 2.84~: 0.30 

4.57~: 0.35 t. 6.44i 0.58 

3.07t 0.31 4.77i 0.52 

l.32:t 0.ll .t 1.20t 0.13 t 

0.84i 0.l 0.87~: 0.08 

33 1 . 62:tll . 06 

336 . Ilil4 . 38 

7.07d: 0.86 t } 
4.22:~ 0.49 

9.61:~ 1.22 

6.70~: 0.93 

2.15t 0.25 t 

l.32~: 0.19 

300 . 99~ll . 56 

310 . 26tl3 . 61 

6.03:t 0.93 

4.7lt 0.68 

8.67t 1.01 

9.43t 1.27 

l.9lt 0.28 

l.5lt 0.20 

,,ean:S+ .E. 'P< o . 05 "P(O .Ol 
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Table 6. M-cell in 150R. 

Post-1 rradiation 2M 4,1: 12,1 18N 

Area of Lf (Tl!n2) 

Nunber of Lf 

15 OR . 

Controle-l 

150R. 

Controlf -l 

O . 65:~0 . 08 

O . 50iO . 08 

l . 58iO . 13 

l . 73iO . 20 

l . 09:!:O . 12 

O . 78tO . 09 

l . 67iO . 19 

l . 60:tO . 15 

l . 72iO . 28 

l . 74~O . 26 

3 . 08iO . 46 

3 . 33~O . 46 

l . 87d:O . 

l . 98:!:O . 

2 . 75::~0 . 

3 . 13:~O . 

30 

39 

35 

56 

ttean:!:S . E . 

Table 7. M cell m 300R. 

Post-Irradiation 2,t 4M l 2,, 18M 

Area of Lf(um2) 

Nunber of Lf 

300R. 

Controle-2 

300R. 

Controle-2 

O . 78iO . 09 

O . 70iO . lO 

l . 78tO . 17 

l . 47:~0 . 13 

2 . 08iO . 24 2 . 24iO . 25 
t-

l . 17iO . Il 2 . 12tO . 36 

2.56~0.27 Ib 2.92~*0.38 

l . 77:~O . 18 3 . 67iO . 46 

2 . 75:!:O . 

2 . 06iO . 

4 . 44iO . 

3 . 87 iO 

35 

26 

52 

45 

Mean~:S.E. tp<0 05 ttp< O . Ol 

Table 8. H-cell in 150R. 

Post-Irradiation 2,d: 4,, 12,e 18,t 

Area of cytoplasm 
(uma ) 

Area of Lf 
(LJl!12 ) 

Number of Lf 

Percent area 

(t) 

of Lf 

150R. 

Controle-l 

150R. 

Controlt-l 

15 OR . 

Controlt-l 

150R. 

Controlt-l 

449 . 04~:20 . 48 

440 . 85 ~:19 . 07 

0.5lt 0.06 

0.49i 0.05 

3.44i 0.43 

2.77t 0.29 

0.llt 0.02 

0.lOt 0.01 

456 . Olt26 . 19 

396 . 87 tl6 . 05 

0.39i 0.07 

0.49i 0.ll 

2.06i 0.42 

2.80i 0.61 

0.09i 0.02 

0.13t 0.08 

490 . Il:!:18 

398 . 09i20 

l.OO:t O 

0.65i O 

5.08:!: O 

4.63i O 

0.2lt O 

0.17t O 

.~ . 6 478 . t' 
2 520. 
. 16 l 
. 10 l 
.72 4 
.73 5 
. 03 O . 

. 08 O 

07i25 

05:532 

34~ O. 

.4lt O. 

.81:~ O. 

37:~ l. 

34i O 

33:~ O 

36 

76 

33 

33 

73 

06 

ll 

09 

,teantS . E . t tP< O . Ol 

Table 9. H-cell in 300R. 

Post-Irradiation 2,1 4,~ 12,, 18,, 

Area of cytopla8!n 
(llma ) 

Area of Lf 
(um2 ) 

Nu!nber of Lf 

Percent area 

(t] 

of Lf 

300R. 

Controlt-2 

300R. 

Controlt-2 

300R. 

Controlt-2 

300R. 

Controlf -2 

411 . 37i22 . 45 

410 . 79il8 . 85 

0.61~ 0.07 

0.63~ 0.lO 
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B) Test of equality of lines between irradiated and control groups 

With regard to each regression line of the area, number and percent area of Lf with 

respect to ageing, the correlation of 300R irradiated groups showed a highly significant 

difference (p < 0.05) compared with that of control groups (Fig. 7-9). However, the above 

difference was not observed between 150R irradiated and control groups 
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DISCUSSION 

There have been many investigations, both in vivo and in vitro, on disease due to 

irradiation. Irradiation causes the occurrence of malignancies and cataract, detrimental 

hereditary influences and shortening of life span. Especially with respect to the latter, it 

is a well-known fact that irradiation causes the shortening of life span in animal 

experiments2)~5)16). However, the shortening of life span in humans has not been proven 

because it is difficult to keep various conditions constantl)21). The LD50 (X-ray) of the 

Wistar rat is approximately 600R'), but due to the long period of observation in the present 

study doses of 150R and 300R were established. 

HURSH et al. 13) irradiated Wistar rats with 150R-600R doses, and calculated the ratio 

of shortening of life span. According to them, 150R and 300R doses shortens the life span 

by 4.2% and 23.8%, respectively. The same ratio of shortening of life span was expected 

in this series of exp~rilTlents, and the experiments performed in order to observe the 

changes with ageing in surviving rats. 

Since HANNOVER8) found Lf in the nerve cells of the senile brain, Lf has received much 

attention as one of the morphological markers of ageing, and many related investigations 

have been carried out3)7)lo)~1)25). Light microscopically, Lf is observed widely in the muscles, 

liver, kidney, adrenal gland and nerve cells etc. as yellow or yellow-brown pigments (H. E. 

staining). Electron microscopically, Lf has an irregular configuration and three 

components : 1) electron-lucent homogenous droplets ; 2) granular matrix ; 3) osmiophilic 
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patcheslo). Howeer, it is a fact that some Lfs lack the first component which is expected 

to contain a lipid. It is also a well-known fact that post-mitotic cells such as, muscle and 

nerve cells etc. accumulate Lf with ageing7) Io)ll). Light microscopically, a small number of 

Lfs can be observed clearly in the nerve cells of humans in the secone decadel4). 

KISHIKAWA~7) stated that Lfs were already present in the fetal dorsal root ganglia, electron 

microscopically . 

Originally, P-cell was considered to be a nerve cell with scarce Lf6)19), but electron 

microscopically it has a few Lfs. As shown in the experimental data (Table 4), Lf in-

crea~ed with ageing in P-cells, just as in other nerve cells. A markedly positive correla-

tion Was observed between the increase of Lf and ageing, according to regression lines (Fig. 

7). This means that, in P-cell as well, Lf can be regarded as a morphological marker of 

ageing. OGATA et al.20) also performed electron microscopic and morphometrical analysis 

of Lf in the P-cell of rats, and investigations concerning ageing. Their statement that Lf 

is useful as a morphological marker of ageing corresponds with the present experimental 

data (Table 4). 

M-cell is also one of the post-mitotic cells, and accumulation of Lf with ageing was 

observed, just as in P-cell (Table 6,7). A positive correlation was observed between 

accumulation of Lf and ageing (Fig. 8), that is, it was acknowledged that Lf can be regarded 

as a morphological marker, just as in P-cells. 

In the case of H-cells, no correlation whatsoever was observed between Lf and 

ageing (Fig. 9). SATO et al.23) observed Lf in human H-cells with ageing but doubted that 

Lf in H-cell could be regarded as a morphological marker of ageing. H-cell has high 

regenerative potential because it is not a post-mitotic cell like P-cell and M-cell. For that 

reason, it is supposed that although Lf is produced in H -cell it is does not accumulate there, 

but is disposed of by excretion or by active metabolism. 

Ageing is one of the important factors in the accumulation of Lf. SULKIN et al.24) 

experimentally proved that hypoxic state, vitamine-E deficiency, acetoanilide administra-

tion, and long-ter~n ACTH administration after unilateral nephrectomy also caused the 

accumulation of Lf. 

At present, it is the most popular theory that, ultrastructually and histochemically, 

Lf originates from primary lysosomelo)12)22). Some investigators, however, insist on the 

mitochondrial origin of Lf25). The author frequently observed primary lysosome adjacent 

to Lf in each kind of cell, and some Lfs could not be clearly distinguished from primary 

lysosomes. This fact suggests that primary lysosome may gradually alter to Lf, and that 

Lf has an intimate relationship with primary lysosome. 
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Some current investigations present the relatidonship between Lf and lipid peroxide 

(LPX) in the living body*2)26). YOSHIKAWA et al.'6) proved that LPX in the living body 

increased with ageing. LPX is considered to be a precursor in the productive process of 

Lf. LPX is formed from unsaturated lipid acid, which comprises the membrane of 

intracytoplasmic mitochondria, microsome and other organelles, and in process LPX 

causes protein degeneration. Consequently, it seems that LPX combines with degener-

ative protein and this polymer is taken into primary lysosome, thereby producing Lfl2) 

lrradiation is one of the factors that causes the alteration of LPX from unsaturated 

lipid. In fact, it has already been proved that LPX increases due to irradiation of the 

living body2)9). In the present series of experiments, a statistically significant difference 

(p<0.05, p<0.01) was shown in the P-cells of the 300R irradiated groups. According to the 

test of equality of regression lines, the correlations among 300R irradiated groups were 

statistically significant (p< 0.05) compared with the control groups in the three kinds of cell 

(Fig. 7-9). This analysis suggests that accumulation of Lf in the three kinds of cell shows 

a marked correlation with ageing due to 300R irradiation. In other words, the present 

study suggests that ageing is accelerated by irradiation from the point of view of the 

morphological analysis of Lf. 

CONCLUSION 

Electron microscopically, the author observed Lf, which is one of the morphological 

markers of ageing, in P-cells. M-cells and H-cells, in order to investigate ageing in the 

living body and acceleration of ageing due to irradiation. Furthermore, the following 

conclusions were arrived at on the basis of morphometrical analysis of Lf. 

1 ) In investigating.the acceleration of ageing due to irradiation, a statistically significant 

difference (p< 0.05, p< 0.01) was observed betw~en irradiated and control groups only 

in the P-cells in the 300R experimental group. 

2 ) Regression lines revealed that the correlation of irradiated groups between accumula-

tion of Lf and ageing was more significant (p<0.05) than that of controls in the three 

kinds of cell. This fact shows that there is a marked correlation between accumula-

tion of Lf and ageing due to 300R irradiation. There was no difference between the 

two groups in the 150R experimental group. ' f 
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3) It is interesting that the present 

show that irradiation causes the 

investigation uses the 

acceleration of ageing, 

morphological marker 

as discussed in l) and 

Lf 

2). 

tO 

4 ) Lf can be regarded as a morphological marker of ageing in P-cells and M-cells. 

However, it is difficult for Lf in H-cell with high regeneration potential to be regarded 

as a morphological marker of ageing. 
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