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THE AIMS AND SCOPE OF THE STUDY TRIP

The study trip was organized by Prof. Dr. Kenichi Kitani, (Direc~
tor General, NILS) and Dr. Shin Tanaka (Chief of LARF-NILS) (in
frame of the research project H11-Chouju-011), supported by a grant

of the Japan Foundation for Aging and Health, for a period of 1 month.
The main purpose of it was to perform further systemic experiments on
the age-dependent alterations of the lateral diffusion of membrane pro-
teins in hepatocytes, by means of the fluorescence recovery after pho-
tobleaching (FRAP} technique. Since already in 1997 preliminary experi-
ments were performed on the senescence accelerated mice (SAM) (Take-
da et al., 1994), with promisingly interesting results, it seemed to be
worth of completing those studies, all the more so, because since that
time the NILS-LARF has grown those animals in greater number under
SPF conditions at the NILS Aging Farm. The following sub-strains of
SAM were examined:

SAMR1 subclone of both sexes (25 males and 22 females)

1l. SAMP6 subclone of both sexes (18 males and 17 females)

111, SAMP8 subclone of both sexes (17 males and 16 females)

k.

l.
totalling 115 mice. This figure includes the 37 animals studied already
in 1997, Because of the nature of these experiments, at maximum 4 ani-
mals per day can be examined (supposing 10-12 working hours), there-
fore, the available working days (21, including Saturdays, of which 2
days were lost at the beginning with the repair of a computer break-
down of the system) of the present study trip had to be and were

maximally utilized.

The main question to be answered was whether the SAM subclones,

all displaying shorter medium life span than the normal counterparts of
mice, and being also of different longevity between each other, will
show characteristic differences in the protein lateral mobility of the
hepatocyte surface membranes. This question gains a certain signifi-
cance in the light of our former studies, performed since 1982, always
in cooperation with Prof. Dr. K. Kitani, using the same FRAP tech-
nique. The main observation was that all rodent species studied so far
have shown very strong negative linear age-correlation of the protein
(and also lipid) lateral mobilities in liver cells, but also in skeletal
muscle and brain cortical cells. Methodological descriptions as well as
details of those results can be found in a series of our publications

listed in the Appendix of this Report.



SURVIVAL DATA OF THE SENSCENCE ACCELERATED MICE (5A)
SAM mice derive from particular phenotypic selection of AKR/J,

with genetic contribution from A, DDD and other mice, as a result of
which they display an accelerated aging process. There are numerous
types of SAM mice: the less quickly aging type is called "resistant"
(SAMR1, SAMRZ, etc) where this term indicates only a relatively longer
survival as compared tec the so-called "aging-prone" types (SAMP1 -
11}, which display seriously reduced life spans. Unfortunately, the
available published data on the survival times were obtained in conven-
tional animal housing conditions (Takeda et al., 1994), while in SPF
animal farms, they show longer survival times, This type of difference
in survival is known also for the normal mice and rats.

The following types of SAM mice were available, of various ages per
type, of both sexes in the SPF éging farm of the NILS-LARF, display-
ing the indicated medium life spans for male (M) and female (F) mice
(in parentheses, the mean life span data under conventional conditions,
are reported, averaged for both sexes published by Takeda et al.,
1994) .

M F
SAMR1/Ta: 20.1 20.0 (18.9) months,
SAMP6/Ta: 17.1 15.3 ( 8.1) months.
SAMP8/Ta: - 15.6 14.7 {10.0) months,

In any case, all the 3 subclones of SAM animals have a significant-
Iy shorter medium life span than the normal C57BL mice reported in the

literature (usually approaching or above 30 months).

ON THE NATURE OF PIAF IN SAM MICE

The livers of the above listed animals were removed immediately af-

ter decapitation. Two liver smears of 50 micrometer thickness were pre-
pared and incubated at 37°C under Krebs-Henseleit bicarbonate buffer
of pH 7.2, containing 1 mM H202. This resulted in the so-called per-
oxide induced autofluorescence (PIAF) labeling of the cell membrane
proteins., The S5AM subclones d'isp]ayed particularly intense autofluo-
rescence (3-5-times higher intensities could be seen) of this type, as
compared to the normal C57BL mice. On the one hand, this fact rende-
red the FRAP measurements very easy and more noise-free, than usual
in normal mice strains, bul on the other hand, it represented alsc some

problems as detailed below in this report.



EXPERIMENTAL RESULTS

FRAP measurements were carried out in 30-40 {iver cells per ani-

mal. The whole process was followed on computer monitor as shown by
Figure 1, then the results have been stored in properly organized se~
quential data files on floppy disks, and printed out aiso for each cell.
Particular interest was dedicated to the lateral diffusion constant of the
proteins (D), the fractional recovery value (FR%), and the FR%xD value
representing the diffusion constant averaged for all the membrane pro-
teins including the relatively immobile ones, tco.

The distribution of the measured D values per animal was evalu-
ated statistically by using a properly constructed computer program.
This program was able to show the goodness of fitting of the data to
the Gaussian (normal) distribution, and to show eventual results falling
out of such a normal distribution: these latter cells have been omitted
from the cell population, because they represented most probably cells
in early autolysis in which the D values became already irrealistically
high. An example of this type of correction is shown on Figure 2. The
numbers of omitted cells were in the most cases less than 10 § (Tables
1-6).

The results obtained separatedly for male and female SAM subclones
are listed in Tables 1-6, whereas linear regression analyses of D values
are presented in graphic form in Figures 3-8. It is evident from the
Figures 3-8 that the average D values of the animals display a strong
negative age-correlation in each subclone and sex: as a matter of fact,
the correlation coefficients (R) were at least 0.975 or higher. Statistical
evaluation summarized in Table 7 revealed that the slopes of all regres-
sion lines are very significantly different from zero.

As regards the individual average FR% values, they are usually in
the 80-100 % range (Tables 1-6). However, in some cases we obtained
also higher than 100 % values, in average up to 109.9 %. This may be
due to the very intense development of the PIAF in these animal
strains, mentioned above, resulting in a sort of "overlabeling" of the
membrane proteins. Even if the development of PIAF intensity seems to
be finished, as shown by the stability of the fluorescence during the
observation period (Figure 1), sometimes it may apparently be restarted
under the effect of the bleaching impulse. In any case, this fact should

be considered if one is going to analyze further SAM animals.



At last, Figures 9 and 10 compare the regression lines of various
subclones in a graphic way, whereas Table 7 gives also the significance
levels of a pairwise comparison by means of the Student’s "t" test.
These analyses revealed that the age-dependent decay of the lateral
diffusion constant of proteins in the hepatocyte plasma membrane is of
different speed in various mouse strains. The most important differen-
ces can be summarized as follows:

1. All the three SAM subclones display a faster age-dependent de-
cay rate of D, than the respective sex of the normal C57BL/6 mice
{Table 7, Figures 9 and 10}.

2. Among the SAM subclones, the longer surviving SAMR1!1 shows
less steep age-dependent decay, than the shorter surviving SAMP6 and
SAMPS8 in the males, but not in females (Table 7, Figures 9 and 10).

3. There are significant differences in both the absolute values
and also in the decay rates between the SAMPG and SAMPS8 subclones in
both sexes [Table 7, Figures 9 and 10). It should be noted, however,
that these differences between the SAMP6 and SAMP8 subclones better
correspond to the medium life span differences of these mice under
conventional conditions, i.e., when the SAMP8 animals survived some-
what longer, whereas under SPF conditions of NILS-LARF, both sub-
clones displayed considerably longer survivals and these differences
tended to disappear, or became slightly more favorable for the SAMPG6

subclone (see page 3 of this Report}.

INTERPRETATION OF THE RESULTS

The author of this Report interprets these data in terms of the
membrane hypofhesis of aging (MHA) (Zs.-Nagy, 1994), in spite of the
criticism expressed during the recent years against this interpretation
by Professor K. Kitani. The last paper of Kitani (1999} listed his ar-
guments regarding the age dependent decline of the enzyme activities
(measured in test-tubes), and he claims that because not all enzyme ac-

tivites decrease with aging, "... the interpretation of our FRAP studies

must be limited and should not be extrapolated to support the MHA" (Ki-

tani, 1999, p. 319}.
The disagreement of the Author of this Report with the cited

statements of Kitani (1999) are based very briefly on the following

facts:
{text continued on page 20)
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Figure 1. Demonstration of the FRAP measurement as seen on the com-
puter screen. A 25 second observation of the fluorescence is followed
by the bleaching impulse, then by the recovery period of 100 second.
The most relevant calculated parameters are printed out below the re-
covery curve, where F(0)= fluorescence at zero postbleach time, F{(inf}=
the reached maximum recovery value, FR= the fractional recovery %,
CC= the correlation coefficient of the fitting the curve to the reciprocal
equation, Tau= the computed characteristic diffusion time, DD= the pro-

tein diffusion constant as a mean of two different ways of calculation.
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Figure 2. Demonstration of the distribution analysis of the values of D
obtained in one animal. The upper part shows the rough histogram nor-
malized to the mean {+ 2 5S.D.) in which 2 cells are out of the normal
distribution at the right side (Cler 26,0799}, while the lower part is
the histogram after the omission of those 2 cells [CHIZ: 0.973293}. The
changes in the goodness of fitting are not always so dramatic, but if
CHI2 value falls below 6.5, one can accept the fitting the Gaussian dis-

tribution. This analysis proved to be very helpful.
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INDIVIDUAL AVERAGES (+ $5.D.) OF D, FR% and DxFR MEASURED IN THE LIVER
OF MALE SAMR1/Ta MICE BY PIAF

GCen. Age D C\m 1E-10) Number of FR % FRxD mx 1E-10)
number  (months) {cm” /sec) cells/omitted {cm™ /sec)
F102 1.7 2.8628 + 0.7809 34/2 85.78 + 12.74 2.4685 + 0,7965
F102 1.7 2.6298 + 0.6124 29/1 92.71 + 19.60 2.4658 + 0.8713
§ F91 2.3 2.7558 ¥ 0.7458 33/2 96.45 ¥ 19.63 '2.6179 ¥ 0.7483
§ F9T 2.3 2.8348 + 0.6682 37/3 89.48 + 18.69 2.5045 + 0.6999
§ F91 2.3 2.7538 + 0.6913 35/3 89.21 + 18.15 2.4379 ¥ 0.7245
§ Fo1 2.3 2.7788 * 0.7731 35/3 91.44 + 18.57 2.4879 ¥ 0.7117
§ F91 2.3 2.7901 + 0.7592 36/2 89.87 ¥ 17.74 2.4555 + 0.6664
F103 2.9 2.7806 + 0.6298 34/1 90.44 ¥ 13.16 2.4853 ¥ 0.5870
F103 2.9 2.8034 ¥ 0.6977 33/1 101.4 F 16.43 2.7973 + 0.6616
F102 3.2 2.6593 + 0.5415 31/1 103.3 ¥ 7.47 2,7288 ¥ 0.5129
F102 3.2 2.7283 ¥ 0.7988 33/1 89.36 + 17.59 2.3726 + 0.7069
§ F89 8.2 2.5352 + 0,7736 38/2 97.10 + 21,45 2.3727 + 0.6933
§ Fg89 8.2 2.6049 ¥ 0.6255 39/1 92.83 + 14.99 2.3760 + 0,5568
§ F89 8.2 2.5811 + 0.8406 38/2 93.14 + 13.17 2.3636 + 0.7270
F99 12.9 2.4624 + 0.6375 33/2 102.2 + 18.11 2.5183 + 0.7872
F99 12.9 2.3891 ¥ 0.6704 33/3 96.21 + 22.50 2.3436 ¥ 0.8820
F9s 12.9 2.2917 ¥ 0.5810 33/3 109.9 + 15.21 2.5426 ¥ 0.,7807
F99 12.9 2.5000 + 0.7364 31/3 101.9 + 17.73 2.5594 + 0.8287
F98 17.7 2.2493 + 0.6647 33/0 103,3 + 14.73 2.3147 + 0.6912
F98 17.7 2.2648 T 0.5122 33/2 98.19 + 12.73 2.2350 ¥ 0.5879
F98 17.7 2.2637 + 0.5087 33/2 102.8 + 11.69 2.2998 + 0.4372
F93 26.1 1.5584 + 0.4564 33/2 97.50 + 18.75 1.8628 + 0.4224
Fou 26.7 1.9708 + 0.5458 33/2 103.0 + 12.52 2.0418 * 0.6381
F94 26.7 1.5884 + 0.4904 33/2 101.2 + 12.62 1.9730 + 0.3792
F93 26.8 1.9349 + 0.4972 33/2 87.32 + 21.20 1.6715 + 0.5688

Note: § indicates mice analyzed

in 1997.



Table 2

INDIVIDUAL AVERAGES (+ S.D.) OF D, FR% and DxFR MEASURED IN THE LIVER
OF FEMALE SAMR1/Ta MICE BY PIAF

Cen. Age D Cm 1E-10) Number of FR & FRxD WA 1E-10)
number  {months) {cm™ /sec) cells /fomitted {cm” /sec)
F102 1.7 2.7944 + 0.6193 32/3 101.2 + 9.90 2.8388 + 0.6974
F102 1.7 2.8191 ¥ 0.7208 26/5 85.22 ¥ 20.81 2.3727 + 0.8017
§ F91 2.7 2.6162 + 0.6172 38/2 95.92 + 14.56 2.5216 + 0.7204
§ Fot 2.7 2.5960 + 0.7521 37/3 92.46 + 17.43 2.3960 + 0.8108
§ F91 2.7 2.6443 + 0.6664 36/4 96.18 + 18.36 2.5540 + 0.78%4
F103 2.9 2.74894 ¥ 0,5733 33/2 89.92 ¥ 15.46 2.4682 + 0.7058
F103 2.9 2.6934 ¥ 0.6406 33/1 92.65 + 15,23 2.4393 ¥ 0.5039
F102 3.2 2.6571 + 0.5834 34/1 96.49 + 17.00 2.5844 ¥ 0.7294
F102 3.2 2.5158 + 0.6137 33/1 90.00 + 14.34 2.2461 + 0.5825
§ F89 8.5 2.4180 + 0.6698 36/4 101.5 + 15,16 2.4004 + 0.5939
§ F89 8.5 2.4442 + 0.6981 37/3 95.19 + 12.60 2.3192 + 0.6981
§ F89 8.5 2.3994 + 0.6293 39/1 89.52 + 16.65 2.1312 + 0.6564
F99 12.9 2.2727 + 0.6789 33/1 93.78 + 18.76 2.0996 + 0.6861
F99 12.9 2.1364 + 0.5013 35/0 99.69 + 18.61 2.1262 + 0.6266
F99 12.9 2,2207 + 0.6867 33/2 100.6 + 23.06 2.2060 ¥ 0.7763
F99 12.9 2.1747 + 0.4835 33/2 93.48 + 18.58 2.0170 ¥ 0.5519
Fo8 17.7 1.8504 + 0.5065 33/2 94.13 + 27.27 1.7298 + 0.6640
F98 17.7 1.9137 + 0.5791 33/2 95.65 + 18.42 1.7965 * 0.5573
F98 17.7 2.0897 + 0.4212 33/1 103.5 + 10.39 2.1062 ¥ 0.4026
F98 17.7 2.1794 + 0.6099 33/3 98.26 + 12.95 2.1358 + 0.6477
Fo4 27.0 1.5325 + 0.4118 33/2 107.8 + 19,32 1.6302 + 0.5184
F94 27.0 1.6718 + 0.3461 34/3 92.97 + 17.20 1.5472 + 0.4173

Note: § indicates mice analyzed

in 1997.
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Figures 3-4. The age-correlation of D values in male (upper part) and
female (lower part) of SAMR1T mice. A= the slope, B= the intercept

point, R= the correlation coefficient of the linear regression analysis.
Detailed numerical data can be found in Tables 1-2, and 7 respectively.
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Lable 3

INDIVIDUAL AVERAGES (+ $.D.) OF D, FR% and DxFR MEASURED IN THE LIVER
OF MALE SAMP6/Ta MICE BY PIAF

Gen. Age b ?w TE-10} Number of FR % FRxD mw 1E-10)
number  (months) (em”™ /sec) cells /omitted (cm”/sec)
§ F91 2.4 2.5831 + 0.,8161 38/2 91.71 + 21.63 2.2882 + 0.7059
§ F91 2.4 2.6210 + 0.6887 39/1 92.89 + 21.39 2.3793 + 0.6728
§ F91 2.4 2.6046 + 0.7270 37/3 92.19 + 14,28 2.3598 ¥ 0.67144
§ Fo1 2.4 2.6264 + 0.6452 40/0 88.55 + 17.93 2.3577 + 0.8225
F100 7.0 2.3827 + 0.6374 33/3 98.17 + 19.45 2.3054 + 0.7664
F100 7.0 2.3231 + 0.5751 33/2 96.34 + 15.84 2.2582 ¥ 0.6637
F100 7.0 2.4981 + 0.7227 33/3 99.03 + 19.75 2.4924 F 0.8433
F100 7.0 2.3852 + 0.7003 33/1 102.7 + 13.30 2.4498 ¥ 0.7381
§ F89 8.7 2,3133 + 0.6437 35/1 98.24 + 14.87 2.2142 ¥ 0.5270
§ F89 8.7 2,2787 + 0.6341 38/2 95.65 + 14,09 2.1205 + 0.5013
F97 14,6 2.0633 + 0.5150 33/1 98.69 + 9.36 2.0211 + 0.4713
Fg7 14.6 1.9922 ¥ 0.5805 33/3 108.3 + 16.04 2.1284 + 0.6246
F97 14.6 1.9834 + 0.5936 33/2 103.2 + 20.07 2.0244 + 0.6214
F97 14.6 2.0983 + 0.4498 33/2 93.82 + 18.21 1.9412 + 0.4728
F96 21.7 1.6650 + 0.4330 33/3 108.0 + 14.92 1.7662 + 0,3947
F96 21.7 1.6956 + 0.3799 33/3 105.7 + 17.55 1.7913 ¥ 0.4513
F96 21.7 1.7097 + 0.4102 33/3 102.9 + 14,30 1.7359 + 0.3757
Fo6 21.7 1.7480 + 0.3477 33/3 85.98 + 18.91 1.4883 + 0.3947

Note: § indicates mice analyzed

in 1997,
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Tahle 4

INDIVIDUAL AVERAGES (+ 5.D.) OF D, FR% and DxFR MEASURED IN THE LIVER

OF FEMALE SAMP§/Ta MICE BY PIAF

Gen. Age D Tm 1E-10) Number of FR % FRxD AMA 1E-10)
number {months) {cm™ [sec) cells/omitted {cm” [sec)
§ Fo1 2.7 2.3937 + 0.7345 38/2 94.98 + 18.90 2.1999 + 0.6211
§ F91 2.7 2.4328 + 0.5798 36/4 94,81 + 11.16 2.29%96 + 0.5677
§ F91 2.7 2.3523 + 0.7028 38/2 92.47 + 16.64 2.1425 + 0.6875
F100 6.9 2.1272 + 0.5134 33/2 106.2 + 13.47 2.2541 + 0.5548
F100 6.9 2.,1684 + 0.5716 33/2 92.41 h 16.95 2.0264 + 0.6455
F100 6.9 2,2539 + 0.5499 33/1 57.30 + 21.07 2.1717 + 0.6721
F100 6.9 2.1420 + 0.6007 33/2 95.56 + 21.60 2.0165 + 0.6666
§ F89 9.0 2.0583 + 0.5554 38/2 93,17 + 20,91 1.8708 + 0.5417
§ F8% 5.0 2.0248 + 0.5142 38/2 98.79 + 16.78 1.9454 + 0.3887
§ F8% 9.0 2.0938 *+ 0.623¢% 3872 98.77 + 19.50 2,0031 + 0.5595
F97 14.6 1.6416 * 0.4762 33/2 103.4 + 20.87 1.6755 + 0.5418
F97 14.6 1.7791 * 0.4622 33/1 105,0 + 14.71 1.8485 + 0.4749
Fa7 14.6 1.7428 + 0.3948 33/3 100.5 + 16.70 1.7847 + 0.8758
Fa7 14.6 1.9241 + 0.4390 33/3 87.07 + 17.82 1.8558 + 0.4747
Fa6 21.7 1.4864 + 0.4087 33/2 101.6 + 25,293 1.4644 + 0.4100
F36 21.7 1.4634 t 0.2905 37/0 1067.1 + 27.12 1.5168 + 0.3371
Fa6 21.7 1.3661 + 0.3900 31/0 92.02 + 24 .09 1.2560 + 0.4674

Note: § indicates mice analyzed

in 1997,
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FFigures 5-6. The age-correlation of D values in male (upper part) and
female (lower part) of SAMPE mice. A= the slope, B= the intercgpt
point, R= the correlation coefficient of the linear regression analysis.
Detailed numerical data can be found in Tables 3-4, and 7 respectively.
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Table 5

INDIVIDUAL AVERAGES (+ S.D.) OF D, FR% and DxFR MEASURED [N THE LIVER
OF MALE SAMP8/Ta MICE BY PIAF

Gen, Age D Cm 1E-10) Number of FR % FRxD mx 1E-10)
number (months) {em” [sec) cells fomitted {em” /sec)
§ F96 2.4 2.6258 * 0.6778 3771 86.66 * 20.73 2.2250 + 0.6785
§ F96 2.4 2.7488 + 0.7405 37/3 102.9 * 15.33 2.8043 t 0.8073
§ F96 2.4 2.6652 * 0.8630 39/1 98.74 t 11.21 2.5946 + 0.7686
F107 5.6 2.5101 + 0.5928 33/1 90.52 + 22.23 2.2085 + 0.5706
F107 5.6 2.5123 * 0.6492 33/1 93.53 + 20.57 2.3106 t 0.6936
F107 5.6 2.48544 + 0.6801 36/0 103.7 + 11.09 2,5593 + 0.7772
F107 5.6 2.5634 + 0.6023 33/2 93.69 * 19.61 2.4380 + 0.7876
§ Fas 8.2 2.48047 + 0.5758 38/2 102.8 + 19.09 2.8117 + 0.5499
§ F95 8.2 2.4089 * 0.7475 39/1 94,02 + 22.39 2.1823 + 0.6595
§ F95 8.2 2.4562 + 0.6769 38/2 92,01 + 18.28 2.2198 T 0.6587
F106 13.6 2.2127 + 0.5897 33/1 102.2 + 17.33 2.2487 + 0.6878
F106 13.6 2.1286 + 0.5874 331 91.98 + 15.04 1.9496 + 0.5651
F104 15.5 2.0526 + 0.384y4 32/0 98.87 * 11.40 2.0237 + 0.3725
F104 15.5 2.1860 + 0.5063 33/2 99.11 + 20,27 2.2005 + 0.7330
F103 19.7 1.9285 + 0.5776 33/3 99.01 + 20.87 1.9096 + 0.6760
F103 19.8 1.9366 * 0.4879 33/1 109.1 + 18.81 2.1141 + 0.6177
Fi03 19.8 1.9663 + 0.4344 33/1 108.5 * 12.87 2.1030 + 0.3949

Note: § indicates mice analyzed

in 1997.



