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INTRODUCTION AND REVIEW

GENERAL EFFECTS OF AGING

After defining aging as 2 change in living systems due to the passage
of time, Strchlev (19&2)'asks hosw: does one establish 1) the order of events
in a time sequence and 2) the direction of time change. In short he appears
to question the order of events and their pattern of occurrence. These
changes are considered in the individual as a gradual process separate from
disease (Comfort, 1951) and should be geen universally within the species.
Multiple functional changes have been reported im specific organ systems
during the aging process,

yvisible changes in the skin are a generally noted indicatiom of aging
in man (Olansky, 1961). 01d skin tends to show a decrcased closticity and
an increagsed tendency towerd neoplastic changes. The thickness of the
epldernie is deereased as are the size of the epithelial pege and dermal
papillae. Healing occurs at a slover vate inm "old skin”.

The digestive system shovs signs of aging in the normal patterns of
tooth substance logs and diminiched sensitivity to taste and smell.
Secretion of gastric hydrochloric ascid and digestive juilces tend to
decrease (Polland, 1933). Purther gross cffects of aging in the gastro-

intestinal systen are revieved extensively by Ivy (1942).




The circulatery‘system shous a decrease in cardiac output (Strehler,
1959) and a change in the walls of the blood vessels (lLandovme, 1958;
Voerner, 1959). The extent to vhich these changes represent aging rather
superimposed discase is questionable,

Aging processes can be seen to have an effect upon the nevveus systen.
The speed of maxinun conduction of a propagated nerve impulse decreases
with age (Norvis gt gl., 1953). Sensoyy functions, usually considered
secondary to nervous system function, arc seem to decrease with advancing
age., This is reflected in the loss of hearing (Veiss, 1959; Beasley, 1940)
decreased visual acuity (Friedemuald, 1942), losg of accamodation (Duane,
1931; Bernstein, 1945) and a decreased vate of performance of integrated
nervous systen functioms {(Jerome, 1959; Willoughby, 1929).

Reapiratory system studies shov decreased maximum breathing rate and
vital capacity (Horrie 2t gl., 1955, 1956) combined with a decreaced basal
metabolie rate,

COLLAGEN STRUCTURE

Collagen, cssentially an extracellular protein, represents the major
srotein of the extracellular substance of all vertebrates and nost of the
invertebrate phyla., The wide occurrence and distribution of collagen in
the marmal serves to point out that the function of collagen may vary in
different tissues (Piez and Likins, 1960). Collagen ig a major cosponent
of gkin, tendons, ligaments, and the calcified matrix of bone, dentin, and
cementun,

Analysis of the amino acid couposition of collagen (Eastoe and Leach,

1958) facilitated by the use of iom exchange chromatography (Moore and
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Stein, 1951; Piez and Eagle, 1953; S8paclkman et al., 1953) reveals a charac~
teristically high contemt of glycine, proline, and hydroxyproline along with
the presence of hydroxylysine. In addition collagen has an unuaﬁaily low
concentration of avomatic and sulphuy containing anmino acids. Collagen from
varioue tissues appear 10 be idemtieal in avino acid cowposition except for
the concemtration of lysine and hydrowylysine (Piez and Likins, 1960).
Mammalian collagens are characteristically dissolved rapidly by pepsin and
collagenagse but show pooy solubility by trypsin and chymotrypsin.

The current concept of the imtranolecular organization of this protein
has been degeribed by Rich and Crick (1953). Im most instances the collagen
£ibrils have periodic patterns of 600 to 700 Angstroms but this fypical
gtructure 18 not a necessary feature of collagen (Jakus, 1956). The tropo-
collagen macranolecule, an ordeved, specific arrangesent of collagem
molecules and not the collagen fibril, is the basic structural unit of the
collagenous tissue and matrix (Gross gt al., 1954). This molecule is
currently viewed as a three-stranded helix.

RADICACTIVE ISOTOPES

The early use of isotopes as tracers in chemical and physical
procesces has been described by Hevesy (1948) vho veports investipators
using the naturally occurring isotopee of lead and bismuth as carly as 1920.
This early work was primarily utilized in chemical and physical systens
rather than experimental bilological dnvestigations, Although he reports
later work using vadium D and E as tracers for lead and bisnuth distribution
in animals, the way for the great cxpansion of the use of isogopes as

tracers was opened by the discovery of artificial radicactivity by Joliot
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and Curie in 1934. The nuclear emergy progran of World War II cade possible
the production of large quantities of rvadioactive isotopes of various
elements.

Radioactive isotopes are useful as tracers due to the chemical
properties of all isotopes of the gane element being identical. The
isotopes of & single elament are identified by thelr physical properties
vhich are indepemdent of the isotopes' chemical properties., The chemical
properties of sm element ave dependent upon the number and arrangement of
the extra-nuclear, planctory electrons vhile the isotopes differ not in
extra-nuclear structure but in intva-nuclear structure. It should be noted
that the change in masg would affect theoretical considerations of reaction
rates within a chenical system.

The uge of tritiated organic compounds as tvacer elements in biological
systens is veadily undertaken with the currently available tagged molecules,
(Sachs, 1955) Amino aclds may be tagged (or labeled) with tritium by means
of a catalytic eschange (Wilzbach, 1957). This process results in a labeled
compound with high specific radicactivity (Wolfgang et al., 1955). Sube
sequent recovery and repurification of the labeled compound is accowmplished
by mem s of clectrophoretic or chromatographic separation. In the specific
instance of proline the tritium labeling is confined to the ring structure
in 8 general, mandom pattern.

MEASUREMENT OF RADIDACTIVITY

The four basic means of detecting and nmeasuring radicective emmissions

aret 1) photographic ermlsions, 2) ionization chambers, 3) Gelger counters,

and 4) scintillation counters,




The use of photographic filus, papers and emulsions as a means of
detecting alpha, bets and gamaa vadiations result in 2 pattern of the
distribution of the radicactive source or a wmeasure of differential
absorptidn of the radiation., Quantitative use of film and similar emulsions
is of relatively limited application, (Domiach and Pele, 1950; Fleq, 1960;
Gross gt gl., 1951; Hertz, 1951; Lajtha and Oliver, 1959).

Ionization of gases by vadiocactive emmissions form the basis for ion-
ization chamber function, The electrical conductivity of an enclosed pas
iz dependent upon the number of ioms formed within the enclosed space. The
energy input vhich results in the formation of ioms within the previcusly
non-jonized gag can then be determined from the product of the number of
ions formed (as reflected by the conductivity increase) and the enersy
required to produce these ions. In practice this systen is not 1007
efficient and must, therefore, be corrected for the efficiency of the syeten,
Por any rvadiosetive souvrce the emergy output can be expressed as the ninmber
of disintegrations occcurring per unit time.

The Geiger-Muller counter may be viewed as an jonization chavber vith
concentric electrodes operating as a gas filled diode below the potential
of continuous discharge. It ig a triggering device in which a voliage pulse
is produced by a discharge initiated by a particle detector and provides a
weasure of the number of ionizating encoumters that have taken place within
the tube per unit tine.

The function of the scintilistion counter depemds upon the production

of fluorescence in a phosphor by the absorxption of ionizing radiation or
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similar emergy input (Harrisom, as reported by Germanm et al., 1954). Vhen
electyons drop into vacancies in the clectron shell left by the production
of ion palrs encysy is liberated in the form of visible light. Eazfly
scintillation studiecs were conducted by direct observation os this emitted
light, Present scintillation counting systems provide a means of counting
the light flashes or scintillations. The scintillation comter produces a
pulge with an anplitude vhich is proportional to the energy input and there-
fove provides the particle-counting and detection of the Geiger tube with
the energy-neasuring of the ionization chacber,

The last major discovery cbaserved in the classical scintillation
method (by direct visual observation of the scintillations) was the
obgervation of the first man-made dislntegration of an element with arti-
ficially accelerated particles. This was performed by Cockeroft and Walton
in 1932 during the experimental disintegration of lithiuwm uith accclerated
protons. Increasced use and developnent of scintillatfon studics oceurred
folloving the development of highly semsitive, rapidly responding coumting
systens. Two major types of scintillation counters are presently
available: 1) the photon~tube scintillation counter and 2) the photo-
maliiplier tube scintillation counter.

Fhoton~tube counters congict of a gystem im vhich the scintillation
phosphor and the photoelectric detector ars separate units (Krebs, 1935).
Changes in systen design have resulted in comercially available scintil-
lation counting systems with high aren sensitivity and ghort resolving

times (Mandeville et al., 1950; Porter, 1953).
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Photomultiplier~tube counting systems, first built dn 1944 by Curram
and Baker, have combined the classical method with & photomultiplier for
dotection of the scintillations. |

Further distinctions in scintillation counters can be made on the basis
of the physical state of the phosphor (or phosphors) used in the system.
(Raben and Blocuberger, 1951) The phosphor may be in crystal forn of may
be present in solutiom vith the radicactive source. The liguid selution
scintillation system, in vhich the phosphors are in solution vith the radio-
active source, has assumed an isportant rele in the counting of lov energy
beta particles. Ease of operation and the large relative range of sample
size vhich may be used are reasoms for vegarding the liquid scintillation
counting as a method of choice in bilologiecal expeviments.

Solutions that have been enployed for liquid scintillation counting
include: 1) p-terphemyl in toluene (Remolds gt al., 1950), 2) 2,5 diphenyl-
omazole in toluene (Hayes gt al., 1952) and 3) p-terphenyl in various
mixtures of diozane and vater (Parmer and Bernstein, 1952).

AMS OF PRESENT STUDY

The tropoceollagen molecule is composed of three polypeptide chains
each approximately 3000 Angstroms long and 15 Angstroms wide. 7This macro-
nolecule contains approxirately 1000 amino acid uwits of vhich glycine,
proline, and hydroxyproline contribute a major share. Glycine constitutes
about 307 (x/w) of the collagen mseromolecule while proline and hydroxy-
proline together provide about 25% (w/w) of the total molecular weight.

This study provides informatiom asbout the effect of aging upon the vate of

collagen formation and turmover by utilizing radioisotopdc studies of
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tritiated proline uptake and turnover. The uptake and retention of injected

tritiated proline ss reflectad by its comcentration in tissue samples vas

determined in mice of varying ages.




EXPERIMENTAL PROCEDURE

Male mice of a CF~1 strain vere used throughout this study. These mice
were obtained commercially and housed in large, plastic bottomed colony type
cages. A balanced diet of Purinma lLaboratory Chow and water was provided for
the mice without limit and was available to the animals at all times.

Pour age groups of mice were utilized in this study: 1) three week
(21 day) old mice, 2) four week (28 day) old mice, 3) eight week old mice
and 4) eight month old mice. Each age group comsisted of eight mice which
received tritiated proline intraperitoneally and were sacrificed in two
subgroups of four mice each. One subgroup of four mice was sacrificed one
hour post-injection vhile the second subgroup wae sacrifieed four hours
post-injection. In addition to the afore-mentioned groups two groups of
ten mice each were studied for longer periods of time post~injection.

These groups of mice were three weeks and eight months old, respectively.
The mice in these groups were sacrificed in subgroups of two mice each at
intervals of ome week beginning with the first subgroup one week post-
injection and continuing at weekly intervals until the last subgroup was
sacrificed at five weeks post~injection.

Tritiated proline (l-proline, tritiated, purchased from Volk Radio-
chemical, Skokie, Illinois) was prepared in an aqueous solution with an
activity of 30C microcuries per milliliter. The animals were weighed and
received 6.5 microcuries per gram body weight of the tritiated proline
administered intraperitoneally. To insure accurate measurement of the

tritiated proline all injections were performed with tuberculin syringes
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and the solutions measured to the one hundredth of a milliliter.

The animals were sacrificed by placing them in a large jar which com~
tained a cotton pad saturated with chloroform. Ae soon as the mice stopped
moving about they were removed from the jar and decapitated. Following
decapitation the mouse head was split sagittally and placed into a 10%
solution of buffered neutral formalin. In addition to the sectioned head
other tissue samples were gathered and stored in the same fashion. All
gpecimens vere f£ixed in formalin for ome week or more before being subjected
to decalcification. Demineralization of the specimens was accomplished by
means of foymic acid decalcification using citric acid or ifon exchange resin
to prevent saturation of the formic acid solutiom by the eluted minerals.
Following demineralization of the specimens, which was confirmed by
roentgenographic examination of the skeletal segments present, the tiseues
were washed im running tap water for six hours. The specimens were then
transferred to a 10% formalin solution for furthey storage prior to
laboratory examination. Samples of skin from the superior margin of the
sagittally split mouse head and sections of the gastrocnemius muscle were
removed for the determination of tritium content by means of liquid
scintillation counting.

Samples of tissue were prepared for liquid scintillation counting by
first treating tlhem with 10% trichloracetic acid. This was followed by
washing the tissue with a solution composed of 50% (v/v) ethanol and 50%
(v/v) diethyl ether. A final wash of diethyl ether was then employed.

The tissues were air dried and weighed at this point. All samples were
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weighed on the same Mettler analytical balance and the tissue weights
recorded for subsequent use in the calculation of tritium activity. Each
sample was placed into a 20 milliliter glass, screw top vial vhich vas
made of glass having a lov radioactive potassiun (K*0) content. The samples
were then dissolved in one-quarter milliliter of a one molar solution of
hyamine hydroxide in methanol. This process was aided by heating the vials
to temperatures ranging from 58°C to 60°C for periods of 36 to 72 hours.

After the tissue samples vere dissolved the vials were cooled to room
temperature and ten milliliters of scintillator solutiom were added to each
vial containing disgolved tiasue and to a vial containing only hyamine
hydroxide which served as a background blank. The scintillator solution
vas composed of: 1) 2,3 diphenyloxazole (PPO) 1.5 grams, 2) p-bie~(2,5
phenyloxazole) benzene (POPOP) 50 milligrams and 3) toluene 500 milliliters.
The samples were then stored in the dark at 4°C for one day until counted.
Counting was done at 4°C for & tem minute period with a Packard Tri-Carb
liquid scintillation counter. All samples were counted four times. After
completion of the counting 15 micreocuries of tritium vere added to the
blank and to representative samples of tissue as an internal standard.
These samples were then stored in the dark at 4°C and recounted one day
later.

The data thus collected was then expressed as counts per minute per
milligram of tissue and corrected for tissue quenching effect. Pur ther
calculations based uvpon the data derived from the use of internal standards
allow the calculation of counting efficiency and conversion of counts per

minute to actual disintegration rate per minute (Hayes, 1956; Davidson and

|_Feigelson, 19573,




SIMMARY OF INJECTION AND SACRIFICE SCHEDULE INDICATING
THE NUMBER OF MICE UTILIZED

length of time age of mice at time of injection
postinjection tritiated proline

until sacrifice 21 days 28 days 8 weeks 8

1 hour 4 mice 4 mice 4 mice 4

4 hours 4 mice 4 mice 4 mice 4

1 week 2 mice 2

2 weeks 2 mice 2

3 weeks 2 mice 2

4 weeks 2 mice 2

5 weeks 2 mice 2

Figure 1
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mice
mice

mice




DATA AND DISCUSSION

The rav data collected from the liquid scintillation counter consisted
of 10 minute counts uncorrected for background. This data wae averaged
using four separately determined values for each sample and further
processed so as to obtain an expression of counts per minute per milligram
tigsue. Figures 2 and 3 present thie data and the accompanying standard
deviatione for both the skin specimens (figure 2)and the nuscle specimens
(figure 3).

Use of internal etandards pernitted the calculation of the quenching
effect of tissue present in solution. The quenching was first calculated
a8 counts quenched per milligram tissue and then expressed as a percentage
of the count obtained for the unquenched internal standard (figure 4). The
average count per minute per milligram tissue for each sample was then
corrected for quenching by adding to the original value the percentage of
the value which represented the quenching effect. Negative quenching
values would be subtracted from the original averaged counts per minute per
milligram tissue,

The quenching effect of the skin specimens was calculated to be 5.6%
while the muscle tissue samples were determined to have quenched the counts
by ~6.3%. This value for the negative quenching effect of muscle i& & mean
wvhich represente a range of 1.2%.

It vas difficult to explain the negative quenching effect of the
muscle tissue and the first assumption was that the phosphors had been

activated by the absorptiom of ultra violet radiation. Repeating the
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AVERAGED SCINTILLATION COUNTS FRQM SKIN SPECIMENS

length of time counts/minute/milligram
age of mouse postinjection
at injection until sacrifice {standard deviation)
3 weeks 1 hour 991 (31)
4 hours 1870 {43)
1 week 504 (22)
2 weeks 203 (14)
3 weeks 58.7 (7.8)
4 weeks 135 (12)
5 weeks 166 (13)
4 weeks 1 hour 271 (16)
4 hours 2630 {51)
8 weeks 1 hour 606 (25)
4 hourse 598 {24)
8 months 1 hour 83,4 (9.1)
4 hours 1220 (35)
1 week 237 (15)
2 weeks 127 (1)
3 weeks 26.9 {5.2)
4 weeks 57.3 (7.6)
5 weeks 59.5 (7.7)

Pigure 2




AVERAGED SCINTILLATION COUNTS PROM MUSCLE SPECIMENS

length of time counts/minute/milligram
age of mouse postinjection ‘
at injection until sacrifice (standard deviation)

3 weeks 1 hour 2¢00 (45)
4 hours 6610 (1)

1 week\ 920 (30)

2 weeks 514 23)

3 weeks 84,2 (5.2)

4 weeks 86.7 (9.3)

5 weeks 59.9 7.7

4 weeks 1 hour 872 (30)
4 hours 687 (26)

8 weeks 1 hour 230 (17)
4 hours 633 (25)

8 months 1 hour 211 (15)
4 hours 289 17

1 week 42.9 (6.5)

2 veeks 285 17

3 weeks 35,2 (5.9)

4 weeks 236 {(158)

5 weeks 92.3 (9.6)

Figure 3
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CALCULATION OF GUENCHING EFFECT
quenching = 418 )~B T X5)~ X 100 per cent

Twt 1S
B background blank count -
I8 internal standard couunt
T tisgue gsample count

(B:18) background blank with internal standard added
(1:18) tissue sample with internal standard added

Twt tissue weight

sample calculation of quenching effect of skin specimen

quenching = (630842 - 668) - (602354 - 5968) X 100 per cent
2.2 680174

= 5.6%
B 668 counts per minute
T 5968
(B:18) 680842
(T 1IS) 602354

Twt 2.2 ng

Figure &
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counting procedure after storace of the samples in the dark at 4° Celsius
for one day resulted in eseentially unchanged countg., This inerease in
observed scintillations in samples containing disolved muscle tiésne must,
therefore, be due to components of the muscle tissue present in solutiom.

The counts per minute per milligram tissue corrected for quemching
effects are shovn in figures 5 and 6. Figure 5 lists the corrected values
for the skin specimens vhile the corrected values for the muscle specimens
are given in figure 6. Thise data is also presented in the graphic form
(figures 7 and 8) for ease of visual cosparisom.

Prom the data thus collected it appears that the uptake and retemtion
of tritiated proline varies with the age of the animal at the time of
administration of the proline. This variation is not only a function of age
but i{s algo a complex function of the composition, gross and molecular, of
the specific tissue sampled in our study under the conditioms of our experi-
mental procedures. A cursory examination of the data available at the
present time indicates that the replacement rate of proline decreases with
increasing age, in general,

It is stromngly felt that this data indicates more extensive experiments
on mice or other animale should be contemplated. TPurther review of the
experimental findinge with reference to future contemplated studies has
revealed that the length of time postinjection until sacrifice of the
animal has a bearing upon the utilization and turnover of the injected
material so that future work must be plammed to minimize this effect.

The use of animals with a longer 1ife span would aid in this respect.




AVERAGED SCINTILIATION COUNTS CORRECTED FOR QUENCHING: SKIN SPECIMENS

age of mouse
at injection

3 wveeks

4 weeks

8 weecks

8 months

length of time
postinjection
until sacrifice

1 hour

4 hours

1 week

2 weeks

3 weeks

4 weeks

5 weeks

1 hour

4 hours

1 hour

4 hours

1 hour

4 hours

1 week

2 weeks

3 weeks

4 weeks

5 weeks

Pigure 5

counts/minute/milligram

(standard deviation)

1047 (32)
1980 (43)
532 (22)
215 (14)
62.0 (7.6)
211 (12)
176 (13)
236 (16)
2774 (51)
640 (25)
632 (24)
88.0 (9.1)
1290 (35)
251 (15)
134 (11)
28.4 (5.2)
60.5 (7.6)
62.8 7.7
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AVERAGED SCINTILLATION COUNTS CORRECTED FOR QUENCHING: MUSCLE SPECIMENS

age of mouse
at injection

3 weeks

4 weeks

8§ weaeks

8 months

length of tinme
pogtinjection
until sacrifice

1 hour

4 hours

1 veek

2 veeks

3 weeks

4 weeke

5 weeks

1 hour

4 hours

1 hour

4 hours

1 hour

4 hours

1 week

2 weeks

3 weeks

4 weecks

5 weeks

Figure &

counts/minute/milligram

(standard deviation)

1880 (45)
6192 (s1)
862 (30)
431 (23)
73.9 (9.2)
81.2 9.3)
56.1 7.7
817 36)
644 (26)
262 )
593 (25)
198 (15)
280 r)
40.2 (6.6)
267 (17)
33.0 G.9)
221 (15)
36.4 (9.6)
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SCINTILLATION COUNTS OF SKIN SPECIMENS

ZBOOL

SCINTILLATION COUNTS PER MINUTE

20004
19004

1400

i

AGE INJECTED
3 WEEKS
4 WEEKS
8 WEEKS
8 MONTHS

.OPI.

[ ] () e
o

1 Hr.

T T T T T T
4Hrs. Wk, 2Wks. 3Wks. 4Wks. 5Wks.

POST-OPERATIVE TIME

Figure 7
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SCINTILLATION COUNTS OF MUSCLE SPECIMENS

62001 )
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Pigure 8




SUMMARY

Fxarination of the data obtained fron the determination of tritiated
proline uptake and loss ag revealed by the tritium content of the tissues
utilized in this study appear to indicate éhat the age of the mouse at the
time of administration of the tritiated proline and the length of time post-
administration alter the tritiated proline content of the various tissues.
This variation iz interpreted as a reflection of the rate of collagen
formation and replacenent. Patterns of rate differences require further
groes and histological studies to firmly establish ratios amd sites of
activity. The studies represented here would indicate that the formation
and replacecent of collagen in the mouse decreases with increasing age of
the animal. The change of rate of collagen formation and replacement does
not appear to be constant vhen viewed in different tissues, It is expected
that histological studies will reveal in more detail the sites of changing
rates of formation and replacement of collagen and allow the establishment
of reproducible patterns demonstrating the effects of aging upon collagen

formation and replacement,
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