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ABSTRACT

Random crosslinking of macromolecules is a
significant factor in aging. It has been shown
that the degree of crosslinking is correlated
with the amounts of freezable bound and non-
freezable bound water associated with the
macromolecule. Such water can be determi-
ned by differential scanning calorlmetry.

We studied the Insoluble fraction of proteina-
teous macromolecuies (Mn > 1000 000} in
young brains, (17-30 years), old (67-70
years), all normal, and In 63-69 year Aizhel-
mer bralns (autopsy materlal, grey matter,
frontal lobe). The results are presented in
Figure 2. The insoluble material from Alz-
heimer brains show not only the presence of
similar high crosslinkage types of proteina.
ceous macromolecules present in brains of
the same age, but in addition a large portion
of macromolecular substance of low cross-
linkage level otherwise found only in the
young. : S '

- It appears that In the Alzheimer samples the-
re has taken place a recent synthesls of stilf
substantially . non-crosslinked - macromolecuy-
lar matter. This may be of recent date, pos-
sibly from the onset of the disease.

Sdme possible inte}'pretations are suggested.
INTRODUCTION |

It has long been recognized that the physical
and chemical properties of cell constituents
undergo characteristic changes “durlng the
process of aging. These changes are particu-
larly evident in macromolecules such as col-
lagen which Is a major component of skin,
bone, cartilage and the cardiovascular sys-
tem. Aging manifests itself eg. In loss of
elasticity of the collagen and has been shown
to be due to, at least in part, the formation of
covalent crosslinks in the collagen (7). Al-
though collagen is the only macromolecular
protein in the body which has been clearly
shown to undergo crosslinking reactions du-
ring the aging process in man and anlmals, it
Is generally agreed that similar crosslinking
reactions are involved in many processes of
maturing and aging. The crosslinking theory
of aging has been thoroughly reviewed : by
Bjdrksten (2), who suggested that random,
unwanted crosslinkages are important fac-

tors In aging. The crosslinkage theory of aging
has also been discussed by Verzar (3), King
(4], Carpenter (5) and Tanzer (6]. In view
of this it seemed of importance to study other
high molecular weight proteins In the body
than collagen. The characterization of inso-
luble high molecular weight postmortem hu-
man brain proteins may be useful In investi-
gating molecular defects, crosslinks and con-
formational changes connected with normal
aging and wich certain neurologic diseases.
We therefore studied the psycical-chemical
properties of postmortem human brain pro-
teinaceous material from gray matter of the
frontal cortex. High molecular weight, virtual-
ly insoluble protein was isolated from nine
autopsy samples. Three of these were from
posthumously diagnosed Alzheimer diseased
cases with no other evident cause of death,
the other six were from nom-neurologic ca-
ses In various age groups. The samples have

been analyzed by microcalorimetry. Artifigial .

aging has been caused by chemical crosslin-
king hin protein samples from young brains.
All the samples have been tested for content
of strongly bound aluminum. The results are
preliminary and the tests continue. - * -

RESULTS © -

Yield of protein. The yields of postmortem

human brain proteinaceous material after ex-
tensive extraction with dimethylsulfoxide are
collected in Table 1, :

Table 1. Yields of insoluble proteln in wi-%%
of original tissue. -« '

Age | Yield Age

Yield
67 70 30 13
68 - . 12 28 12
63 Alzheimer 11 25 15
69 Alzheimer 17 17 9
69 Alzheimer 16 . :

Swelling tests. Protein samples were swollen
in water for a week. The swelling ratio Q =
(wt of swollen sample) / (wt of dry protein)
as a function of age is plotted in Figure 1.
The swelling ratio Is highest In old age sam-
ples, young sapmles and Alzheimer samples
are similar and swell much less. "~ -

Thermodynamic analysis. The details of this
method have been published elsewhere {78},
The amount of non-freezable bound water
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in protein: water samples was calculated
from differential scanning calorimetric mea-

" surements. Results from these  determina-

tions are plotted in Figure 2 as a function of
protein concentration in the sample. The ages

.. of the patients are indicated in the diagram.

There are marked differences between pro-

teinaceous material from the young and from

the old age group.

The Alzheimer samples “form inte'rmediate '-

cases. The differences are probably due to
conformational . differences

samples and to differences
weight distribution. The results support a
hypothesis of irreversible accumulation of ri-
gid crosslinked polymers during aging of hu-
man brain cells. It does not support the idea
that the neuropathologic distinction between

normal human brain aging and Alzheimer's
- disease is essentially quantitative (9]. Defi-

ciencies in protein synthesis have been repor-
ted to.occur in Alzheimer's disease (10,11)
and our results seem to correlate well with
these findings. : : :

«Artificial aging tests. In order to test whe-

“ther chemical crosslinking alone can alter
-the properties of a protein sample from young

brain to correspond to those of an old age
sample, in- analogy with the general concept

by Bjorksten et al. (2], we reacted protein

from a 17 year old brain with potassium per-
sulfate and glutaric aldehyde respectively.
Both are well known as crosslinkers for pro-
teins .and model proteins (7, 12). All tests
showed a decrease in the amount of non-
freezable bound water with increasing cross-

- linking. The reaction conditions for glutaric

aldehyde were adjusted to synthesize a pro-
duct physically as similar as possible to old

age samples. The results of estimates of the

amount of non-freezable bound water in such
a sample are seen in Figure 3. On the other
hand such «artificial aging tests» required
application to the isolated protein, otherwise
the presence of e.g. soluble proteins and Ii-
pids does deplete the reagent.

Analyses for aluminum. The role of aluminum
in aging .and in disease has been discussed
in the literature (9). it has been suggested

that Aizheimer’s disease may be the result -
of a neurotoxic effect of intranuclear alumi- -

num {74}. It therefore seemed of interest to
test the aluminum concentration in the isola-
ted protein samples. This would reveal whe-
ther the aluminium becomes more strongly
bound with age and/or in Alzheimer's disea-
se. We could find no evidence for enhanced
aluminum values in the original tissue sam-
ples compared to what has been reported in
the literature. Brain tissue samples were ex-
tracted in three different solvent systems ;
aqueous sodium chloride, ethano! and dime-
thylsulfoxide respectively. Results are collec-
ted in Table 2. : '

"In all cases the extraction removes > 99.5
- % of the aluminum originally present in the

tissue. Dimethylsulfoxide .is the most effi-

between the
in molecular -

“cient solvent for the aluminum compounds.

We find no significant difference in - alu-

_minum concentration in the samples from

normal brains and from our Alzheimer di-
seased - cases. We confirm the findings
of previous researchers that a larger por-
tion of aluminum remains unextractable

~in° the brain tissue in samples from the

older age group. This is related to age rather
than to disease. The aluminum was determi-
ned on samples dissolved in nitric acid using
a atomic absorption spectrometer equipped
with a graphite furnace. The method is decri-
bed elsewhere (15).

Table 2. Aluminum concentration in postmor-
tem human brain samples extracted with
aqueous sodium chloride and dimethylsul-
foxide respectively. - S e

Controls extrated . . . . . .. . .

S . Age Mean Al content,
. _- .- . ...ngfqg tissue ..
water . - - . 67 595
DMSO. .. .B7_...3.08 ., .
water . . - B8, 732 . .
DMSO .. B8 2589 -
water _ 30 3.71 .

- DMSO ' 30 1.30.
water . . - 28 - 285
DMSO ... .. 28 _ 156
water . : 25 3.05
DMSO - 25 124
water S _ 48 . 3,53
DMSQO . 48 0.95

~ water Alzheimer 69 - 3.97
DMSQ  Aizheimer 69 3.47
water  Alzheimer 63 7.25
DMSO ° Alzheimer B3 7 1.99
water . Alzheimer 69 3.65
DMSO - Alzheimer .- 69 1.07
DISCUSSION T

Differential scamning calorimetry provides a
convenient method to estimate the extent of
crosslinkage in macromolecules ; applicable
to inscluble proteinaceous material from fu-
man brain. Assuming a constant increase in
random, «accidental» -crosslinkages as time
progresses, it is possible to estimate the
approximate age of the insoluble deposits.
The insoluble macromolecular material from
Alzheimer brains thus contains a large por-
tion of more recent material than the age
matched contrals. This portion possibly dates
from the onset of the disease.

One possible explanation may be as follows :
A neuron requires a protein Px. Due to a
flaw in the synthesizing organelle this pro-
duces a slightly different, useless, protein
Py. The nucleus of the neuron only under-
stands that it did not get the Px, ordered and

- So repeats the call for «Px». The synthesizing

organelle does not understand that its pro.
cess is now faulty and so produces more and
more Py in response to increasingly frantic

~.calls for Px. This continues until the neuron

is choked with useless Py. -

e e ————
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if this should indeed be the true mechanism
involved it shouid be possible to isolate
enough Py to determine its difference from
the Px and perhaps advance our knowledge
to the point where either the cure or the pre-
vention becomes apparent. -

Aluminum is not a factor in the isolates from
any of the Alzheimer cases we have studied,
Its incraese with age, though slow, allows us
to extrapolate that aluminum will be a se-
rious threat to those who have survived all
other hazards.

Figure 3 shows that the addition of either
one of two very different types of cross-
linking agent (glutarlc aldehyde and potas-
sium persulfate) to the isolated macromole-
cular proteinaceous material from a young
person, changes the curve to match the cor-
responding curve for an old person. This con-
firms that the differential scanning calorime-
try. is useful as a test for the crosslinkage
density - in proteinaceous macromolecules.
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CAPTIONS TO FIGURES

Figurs 1. The swelling ratlo Q as a function of age In isolated postmortem human brain proteln. x and +

normal cases, &nd o Alzhelmer dlseased cases.
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Figure 3. Amount of non-freezable bound water as a function of protein concentration in postmortem human brain

from a 17 year old case, dotted line. Same sample after<artificial aging test», solid line.
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