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The symptoms of senescence are evidently the expression of pro-
found physicochemical changes which occur in the humors and the
tissues of the organism under the influence of time. But the nature
of these changes is still utterly unknown. If the modifications of
blood serum and interstitial lymph which are functions of the age of
the organism could be quantitatively studied, it is probable that the
mechanism of growth, differentiation, and senescence would be
better understood. Some years ago, one of the writers attempted to
develop a method for detecting these modifications. By cultivating
connective tissue in the plasma of chickens of different ages he
found that the growth was more abundant in the plasma of the
younger than in that of the older animals.! This fact suggested that
proliferating fibroblasts could be used as a reagent for the changes
occurring in the blood under the influence of age, if a technique suffi-
ciently accurate were developed. During the last few years, the
necessary improvements in the methods of cultivating tissues have
been realized.?® It has, then, become possible to study the cause
of the slower multiplication of fibroblasts in the serum of old animals
and the factors of senescence. The experiments of Loeb and
Northrop on the temperature coefficient of duration of life of Drosoph-
ila lead to the conclusion that the duration of life was probably
determined by the production of a substance leading to old age, or
by the destruction of a substance which normally prevents old age
and natural death.* It was important to know which of these

1 Carrel, A., J. Exp. Med., 1913, xviii, 287,

2 Ebeling, A. H., J. Exp. Med., 1921, xxxiii, 641.

3 Ebeling, A. H., J. Exp. Med., 1921, xxxiv, 231.

4Loeb, J., and Northrop, J. H., J. Biol. Chem., 1917, xxxii, 103.
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hypotheses agrees with the reality. The purpose of the experiments
described in this paper was to ascertain whether a definite relation
exists between the rate of multiplication of fibroblasts cultivated
in plasma and the age of the animal from which the plasma is
obtained, and whether the modifications brought about by age in
the action of the plasma on fibroblasts are due to the disappear-
ance of an accelerating factor, or to the production of an inhibiting
factor.

I
Relation of Age of Serum to Rate of Growth and Duration of Life of
Fibroblasts.

While it has been known for several years that the rate of growth of
connective tissue varies in inverse ratio to the age of the animal from

TABLE I.

Rate of Growth of Embryonic Heart and Liver in the Plasma of Chickens 2 Yeors,
5 Years, and 4 Months Old.

Width of ring of new tissue.
Enjl?ér':l- le\}f:_“e Date. Nature of tissue. 2yr. old Soﬁ. 4mo.o0ld Remarks.
chicken chicken chicken
plasma. plasma. plasma.
1912
1 |2321-1] Sept. 17 | 8 day embryo heart. | 2.0 4.0 | The plasma
2 (23212 « 17 |8 « “ “ 1.5-2.0 3.54.0] was taken
3 2321-3] “ 17 |8 « “ “ 1.5-2.0 3.54.0{ fromthean-
4 2326 “ 18§ T « “ 1.5 3.0 imals, Sept.
5 23351 “ 20 17 ¢ “ “ 20| 3.0 17, 1912,
6 [2335-2| “ 20 |7 ¢ “  liver. 1.2 12.5-3.0
7 |2335-3 “ 2007 ¢ “ “ 1.0 2.5
8 12342 “ 21 |7 ¢ “  heart. 2.0} 3.0
9 2356 “ 2317 ¢« s “ 201 2.5

which the plasma is taken,! the relation between the two quantities
could not be established, owing to the lack of sufficient accuracy of
the technique. In 1912, fragments of embryonic heart and liver were
cultivated in plasma obtained from 4 month, 2 year, and § year old
chickens (Table I). The width of the ring of connective tissue pro-
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duced around the fragments was larger in the plasma of the young
than in that of the older chickens. A larger amount of connective
tissue was produced in the serum of a 1 month old kitten than in
that of a 9 year old cat. The same phenomenon occurred when the

sera of 20 and 45 year old human beings were used as media.

TABLE II.

Rate of Growth and Duration of Life of Fibroblasts in the Plasma of a 6 Week Old
Chicken and a 3 Year Old Hen.

Con-

Experiment 1. Experiment 2. Experiment 3.
Relative Relative Relative
ncrease. mcrease. crease.
3 Date. E g S s Date. g g : 3 Date. g g
sl & 1813 2 LR REIE §15
el ¢ w | B8 8 o | B lel s % | B
E 5% 18 2 El3lg 2 13
HE S12 12 3 £1%18 3 Ak
1921 . 1921 1921
1|21412{ May 12 6.3 14.78| 1{21413| May 12 16.54|4.12| 1[21414{May 12 |6.06/3.86
2121444 ¢ 14 |3.7 [4.13] 2|21446] “ 14 (3.8 |4.09] 2{21448] « 14 [3.59(3.74
3121485 ¢ 16 |3.61j2.97| 3|21487) ¢ 16 |4.08]2.5 | 3|21480| * 16 {4.47/2.85
4|21522] ¢ 18 13.36)2.26; 4|21524] ¢ 18 {2.96[1.55| 4]21526] “ 18 |4.5 |1.26
5/21548] ¢ 20*10.75[0.45] 5|21550| ¢ 20*{0.95/0.47| 5{21552] “ 20*|1.22/0.45
6/21582) ¢ 21 12.52{1.31( 6{21584| “ 21 |2.75[1.04} 6|21586| “ 21 [2.37]1.22
7|21598| ¢« 23 [2.22/0.91] 7|21600{ ¢ 23 |2.08(0.85| 7|21602[ « 23 |2.09{0.62
8/21636) “ 25 ]1.64]0.13] 8|21638| ¢ 25 ]1.56|0.53] 8/21640] “ 25 }1.96/0.42
9121672 ¢« 27 [1.82/0 9121674 “ 27 [1.35]0.21] 9]21676{ “ 27 {1.26/0.33
10(21714 ¢« 29 [0.97 10[21716] “ 29 {1.62(0 1021718 “ 29 !1.09{0
1121732} “ 31 [0.93 111217331 “ 31 10.76 11{21734] “ 31 {0.98
12{21765{ June 2 |1.17 12{21766{ June 2 1.0 1221767|June 2 {1.02
13{21795] “ 4 {0.97 13121796 ¢« 4 |1.21 13]21797) « 4 10.71
14(21823 « 6 [1.0 14121824 “ 6 [1.08 1421825 “ 6 (0.85
15/121857 “ 8 (0.85 1521858 “ 8 10.61 15{21859; « ° 8 (1.0
16/121876[ “ 10 (0.15 16/21877| “ 10 |0.27 16/21878| “ 10 0.3
1721894 “ 11 (0.9 1721895 “ 11 [0.60 17121896, « 11 0.4
18|21906] “ 13 |0.45 18/21907] “ 13 [0.36 18/21908; “ 13 (0.48
1921925 “ 15 0 1921926 “ 15 10.15 19121927, “ 15 0.5
20121947 “ 17 [0 20i21948] “ 171]0.74
21121974 “ 20 10.25
22{21992f “ 22 10.26
* 24 hour culture.

1 72 hour culture.



AGE AND MULTIPLICATION OF FIBROBLASTS

602

*SINOY 8§ JO PBIISUL SINOY
$Z 193je WINIPIUI YsoI] B 0} SINSS[} Y} JO IoJSuBI} 93 01 anp sem dfessed yIyy oY) J® paureiqo
#4012 JO JunoWe [PWS oYY, ‘[BIusppoe sem rwseld Y2IM g oY} UI AINJMD 3} JO Y3M0id
0 93e1 o3 ur doIp USPPNS 9YJ, °USY P[0 IeIL ¢ B PUB UINIIYD PO YoM ¢ ® Jo ewsed
o3 Ul sSe[qoiqy o YImoid jo eI o) jo wosiredwo) - juowrredxy ] OI-IXHET,

ofdessed

g & 4 o ¢ ¥ a9 ;T uw o 6 8 9 S ¥ € (4 T 0

L
/ & 0
e OW% il AN 1
i el oy’ \ //
"1 Ay z W
D VAN :
9 > N
\ N € 8
vI/. Y m
4
o2z
/4\ . B
9
ey
L




603

ALEXIS CARREL AND ALBERT H. EBELING

*SINOY §F JO PBOISUL SINOY HZ I93J8 WINIPIW YSOIJ B 0) SANSST) OY) JO J9JsULI} 3} 0 Inp sem aJes
-sed )7y 913 J© PaUTRIQO [1M0IT JO JUNOTUE [[eWIS Y], °Te3UIPIE sem vuwse[d YooM ¢ 3y U 9In)
[0 913 Jo YImead Jo 93el Iy ur doIp USppns IYJ, ‘UAY P[O IBIL ¢ B PUR UIYIIYD PIO JOOM § ¥ JO
ewise[d ay) Ul sJSB[QOIqY JO YImoI8 Jo 9)e1 9y3 jo uosiedwo) 7 juewniadxy 7 ‘OL-IXAT,

afessod
oc. 6 81 L o ¢ W ¢ U oo 6 8 L 9 G 14 < 4 1 o]
S~y 0
i A

/./ P, nﬂmww.mu;r:- 2 // I
#.Qm/ \ f/ o]
9 RN g S,
/ % :
A ¢ 5
’ —/ .
N g
/ 3
¢ &

L]
N~
©




AGE AND MULTIPLICATION OF FIBROBLASTS

*SINOY 8§ JO PEIISUL SINOY Hg 19)J¢ WNIPIW YSII] € 0)
sonssy 9y} JO IojsueI) o) 03 anp sem afessed Y o) 18 PoUILIQO [IMO0IT JO JUNOTIE [{BUIS IYT, TEIUSPIOIE seM
ewrsed Y324 ¢ 9Y) UL 2IN3NO Y Jo Yimoxd jo o3e1 oyy ur dop uppNs oYY, ‘UAY PO 1LIL ¢ B PUL WP plo
FooM ¢ ® jo vwserd oy} ur s)Se[qOIqY Jo YIMmoid Jo oyexr Iy Jo uosuedwo) ‘¢ juSWLRAXY ¢ 'OLI-IXA],

28esced
€ 2 1’ o 6 e .o 9 ¢ ¥ e 2 1moo 6 8 L 9 Q 14 € [4 s 0 0
SN B i S .
L4 mﬁmv.m .Nvm..c:// § \\F// :

134 E) P 9

N
L
./’/
(3]
2TVAINUT DAY

S
/ AAc-Lewe v
fl

\ >
<

TV 9




ALEXIS CARREL AND ALBERT H. EBELING 605

nective tissue always grew more abundantly in the serum of the
younger animals. In spite of the defects of the technique, the in-
fluence of age was evident.

Another series of experiments was made recently with more pre-
cise measurements. Pure cultures of fibroblasts were taken from a
9 year old strain of connective tissue previously kept in a mixture of
plasma and embryo juice. Each fragment was divided in two equal
parts which were imbedded in the plasma of chickens 6 weeks to 9
years of age. The proliferation of the fibroblasts in young and
older plasmas was studied according to a technique previously de-
scribed.® 1 hour after the preparation of the cultures, and 48 hours
later, the fragments were outlined and their area was measured.
The rate of growth was expressed in terms of the relative increase
of the area of the original fragment in 48 hours. A study was made
of the rate of growth and the duration of life of the fibroblasts in the
plasma of 6 week, 3 month, 3 year, and 9 year old chickens.

1. Plasma of 6 Week Old and 3 Year Old Chickens.—The plasma of
animals 6 weeks and 3 years of age was used as a medium for fibro-
blasts taken from a 24 hour old stock culture. In every experi-
ment, the growth was more active in the young than in the older
plasma (Table II). On account of the accidental irregularities of
the curves, the comparison of the rates of growth was made after
the fifth passage (Text-figs. 1 to 3). The average amount of tissue
produced during this period in the plasma of the older animal was
35 per cent of that in the plasma of the young animal. It was also
found that the duration of life of the fibroblasts in the plasma of
the older animal was 46 per cent of that in the plasma of the younger
animal. :

2. Plasma of 3 Month Old and 3 Vear Old Chickens—A comparison
of the plasmas of 3 month and 3 year old animals was made in the
same manner (Table III). The fibroblasts were taken from a 48
hour old stock culture. As soon as they were transferred from the
mixture of plasma and embryo juice to plasma alone, a sudden drop
in the velocity of growth was observed, as is shown by the descending
branch of the curves (Text-figs. 4 to 7). This resulted from the sup-
pression in the medium of the active substances contained in the
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TexT-F16. 4. Experiment 1. Comparison of the rate of growth of fibro-
blasts in the plasma of a 3 month old chicken and a 3 year old hen.
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TexT-Fic. 5. Experiment 2. Comparison of the rate of growth of fibro-
blasts in the plasma of a 3 month old chicken and a 3 year old hen.
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TEx1-Fic. 6. Experiment 3. Comparison of the rate of growth of fibro-
blasts in the plasma of a 3 month old chicken and a 3 year old hen.
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embryo juice.%® After the first passage of both fragments in the
plasma of the young and older chickens, a marked and almost con-

Rate of Growth and Duration of Life of Fibroblasts in the Plasma of a 3 Month Old

ALEXIS CARREL AND ALBERT H. EBELING

TABLE 1V.

Chicken and a 9 Year Old Cock.

609

Experiment 1. Experiment 2. Experiment 3.
Relative Relative Relative
ncrease. 1ncrease. crease
< . ' . o H
é- s Date. g g g 2- Date. ;,5 E zo- :2- Date. 5 g
8 g 515y o582 w |5
I £z14 2 £15 |8 2 g3
&l 3 AERIR: AR S |3
1921 1921 1921
1|21244 May 3 |3.65/0.48| 1[21245 {May 3 [|2.14{0.55| 1{21246| May 3 (4.56/2.08
2121279] “ 5 [4.28(0.28 2|21281 | “ 5 |3.62{0 2|121283| “ 5 (4.62{1.04
3|21318; ¢« 7 (2.52)0 3121320 | “ 7 12.46 3|21321) ¢« 7 13.17)0
4121378; “ 10 (2.38 4{21379 | “ 10 |1.84 4|21380( “ 10 |2.07
5|121409] “ 12 |2.27 521410 § “ 12 {2.15 521411 “« 12 {2.0
621441] “ 14 12.09 6]21442 | “ 14 }1.58 6[21443] “ 14 |1.48
7121482 “ 16 {1.53 7121483 | “ 16 {1.50 7\121484] “ 16 |1.29
8|21519] « 18 [1.29 8{21520 | “ 18 |1.56 8|21521| “ 18 [1.38
9121545 “ 20* [0.55 9121546 | “ 20*0.61 9121547 ¢ 20*|0.49
1021579 “ 21 (1.34 1021580 | «“ 21 |1.63 10|21581 “ 21 |2.63
11]121595( “ 23 [0.83 11/21596 | “ 23 [0.75 11121597 ¢ 23 |0.49
1221633 “ 25 [0.50 12/21634 | “ 25 [0.61 1221635 “ 25 |0.25
13121669) “ 27 [0.26 13|21670 | “ 27 10.45 13|21671] ¢ 27 10.17
14{21711] “ 29 [0.52 14121712 | “ 29 0.68 141217131 “ 29 0.3
15(21729] ¢ 31 [0.26 15/121780 | “ 31 |0.51 1521731 “ 31 {0
16{21763| June 2 [0 16{21764 {June 2 |0
* 24 hour culture.

stant difference in the extent of growth was observed. - The number
of passages during which the fibroblasts multiplied, that is, the dura-
tion of the life of the cultures in both plasmas, differed widely. The
tissues cultivated in the plasma of the older animal died after the
seventh passage on an average, while in the plasma of the young

5 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1921, xxxiv, 317,
8 Carrel, A., J. Exp. Med., 1913, xvii, 14.
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TExT-F16. 8. Experiment 1. Comparison of the rate of growth of fibro-
blasts in the plasma of a 3 month old chicken and a 9 year old cock.
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TeExT-F1c. 10. Experiment 3. Comparison of the rate of growth of fibro-
blasts in the plasma of a 3 month old chicken and a 9 year old cock.
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animal, death occurred after the thirteenth passage. Thus, the dura-
tion of life of connective tissue in the 3 year old plasma was 54 per
cent of that in the 3 month old plasma (Text-fig. 11). The amount
of tissue produced in a given time in both plasmas showed striking
differences. A comparison was made between the areas of new

120 6 wWeeks

110
100 ¥3 months

90
\
%
70 N
N

60

50 \Syears

Per cent

40 ™
30
20 —~—y
9years
10
0

Years %1 2 3 4 5 6 7 8 9

Tex1-F16. 11. Duration of life n vifro of fibroblasts in function of the age of
the animals from which the plasma was taken.,

tissue produced in both plasmas during the life of the fibroblasts in
the older plasma. The amount of growth in the plasma of the 3
year old animal was 52 per cent of that in the plasma of the 3 month
old animal (Text-fig. 12).

3. Plasma of 3 Month Old and 9 Year Old Chickens—The action of
the plasma of a 3 month old chicken was compared with that of the
plasma of a 9 year old chicken (Table IV, Text-figs. 8 to 10). The
rate of growth in the old plasma was 23 per cent of that in the young
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plasma (Text-fig. 12). The duration of life of the cultures in the
plasma of the old animal was only 19 per cent of that in the plasma
of the young animal (Text-fig. 11).

4. Serum of 3 Monith Old and 3 Year Old Chickens—An investiga-

0 o rees [
140

130 - -
120
110
00 \3 months
90

80
70

60 \\
50 3 yeans
40 N
30 ~]
20
10

Q
Years %1 2 3 4 5 6 7 8 9

Tex1-F16. 12. Rate of growth of fibroblasts in function of the age of the
animal from which the plasma was taken.

Average relative increase

~_4
yvf

'S

«

tion was then made in order to determine whether serum acted in
the same manner as plasma. Fragments of a pure culture of fibro-
blasts were placed in media composed of fibrinogen 20 per cent,
Tyrode solution 10 per cent, and serum 70 per cent (Table V). The
sera were obtained from the plasmas of the 3 month and 3 year old
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animals. It was soon found that the original fragment often con-
tracted in the serum of the older animals, and no accurate measure-
ment was possible. In several cases, however, the cultures remained
normal. The rate of growth during the first passage in the serum
of the 3 year old chicken was 69 per cent of that in the serum of the
3 month old chicken. Other experiments were made in which the
fibrinogen suspension was replaced in the medium by 30 per cent
normal plasma. Again similar changes in the rate of growth were
observed.

TABLE V.
Rale of Growth of Fibroblasts in the Serum of a 3 Month Old and a 3 Year Old
Hen.
Medium.
Experiment No. Culture No. Date. Young. Adult.
Serum 70 per cent; | Serum 70 per cent;
fibrinogen fibrinogen
20 per cent. 20 per cent.
1921
1 20839 Apr. 16 2.28 1.4
2 20840 “ 16 2.65 1.74
3 20841 “ 16 1.91 1.47
4 20842 “ 16 3.06 2.14
5 20843 “ 16 3.03 2.42
6 20844 “ 16 2.34 1.55
7 20845 “ 16 3.13 1.89
PN Y N 2.63 1.81

There was,.therefore, no doubt that the rate of multiplication of
fibroblasts and the duration of their life 7» vitro varied in inverse
ratio to the age of the animals from which the plasma or the serum was
taken. The graph representing the rate of growth, in function of the
age of the animals which have given the plasma, shows that the
differences are very large (Text-fig. 12). Another graph expresses the
relation between the duration of life and the age (Text-fig.11). These
curves show that there is a definite relation between the rate of pro-
liferation of the fibroblasts, the length of their life #» vitro, and the age
of the animal. It is, therefore, possible to use a pure culture of
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fibroblasts as a reagent for detecting some of the modifications
occurring in blood serum under the influence of time.

1I.
Relation of Conceniration of Serum to Rate of Growth.

The action on the growth of fibroblasts of the serum taken
from animals of advancing age could be explained by the disap-
pearance from the blood of an accelerating factor, or the develop-
ment in the blood of an inhibiting factor. If youth were supposed to
be characterized by a factor present in the blood and activating the
multiplication of fibroblasts, and senescence by a decrease in the
power of this factor, connective tissue cells should proliferate more

TABLE VI.
Rate of Growth of Fibroblasts in High and Low Concentrations of the Serum of a
6 Week Old Chicken.
Medium.
Experiment No. Culture No. Date. Serum 10 per cent; | Serum 50 per cent;
fibrinogen fibrinogen
20 per cent. 20 per cent.
1921
1 21424 May 13 4.34 3.90
2 21425 “ 13 2.62 3.17
3 21426 “ 13 3.74 4.21
4 21427 “ 13 4.13 4.00
5 21428 “ 13 3.58 3.35
AVerage. . o e e e 3.68 3.73

actively in a medium containing serum under a high concentration
than in a medium made of a lower concentration of the same serum.
On the contrary, if the same phenomena were caused by the progressive
increase of a factor inhibiting the multiplication of fibroblasts, con-
nective tissue cells should multiply more actively in a low than in
a high serum concentration.

The value of these hypotheses was examined in a study of the
growth of fibroblasts in high and low concentrations of the serum of
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chickens 6 weeks, 3 months, 3 years, and 9 years of age. The media
were made of fibrinogen suspension, serum, and Tyrode solution.
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TexT-F16. 13. Variations of the rate of growth of fibroblasts in function of
the serum concentration and of the age of the animal from which the serum was
taken. The chart shows the modifications of the rate of growth in high and low
serum concentrations of chickens 6 weeks, 3 months, 3 years, and 9 years old.
The rate of growth in the lower serum concentration is considered equal to 100
per cent.

The serum concentrations used were generally 10, 50, and 70 per cent.
When the serum of the older animal was used, the original fragment
frequently contracted after a few hours. The growth was irregular
and no accurate measurements could be taken. These changes
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TABLE VII.

Rate of Growth of Fibroblasts in High and Low Concentrations of the Serum of a
3 Month Old Chicken, and in Tyrode Solution.

Medium. Medium. Medium. Medium. Medium.
g8 o s |88| .« | B| 8| 3| B
si|ue | 58| =5 |5 8 |os|os|Ex|uz
Bl BB |G B BIGSE
Bl 5 S8 E5 | gd| 5% |Bs| 22 | B |8 |gd|zE
R 8] %] %] 7] [ [ 2 w o w0 w2
1921
1 j20980] Apr. 21 | 3.89| 4.04
2 |20981 “ 21| 2.79] 2.66
3 20982 * 21| 3.05] 3.55
4*%21076] “ 25 2.46| Shrunk-
en.
5121077 *“ 25 2.58f 2.25
6 {21078 *“ 25 4.55] 4.31
7*21079{ * 25 3.68| Shrunk-
€en.
8 |21080; * 25 2.32 1.02
9 {21081 “ 25 4.0} 2.81
10 {21100f “ 26 3.701 2.57
11 {21101 “ 26 3.40] 2.05
12 |21102| “ 26 3.70| 2.57
13 21103} “ 26 3.40f 2.05
14 (21167] “ 29 4.50, 3.47
15 [21168] “ 29 3.65| 2.84
16 {21169 “ 29 4.377 4.33
17 (21170 “ 29 6.43 2.64
18 [21171] “ 29 3.05 3.20
19 1211721 “ 29 3.70} 1.40
20 [21227| May 2 1.28( 1.33
21 (21228) “ 2 1.09} 1.03
22 21229, ¢ 2 1.62) 1.26
23 121230 “ 2 1.79) 1.74
24 (21231 “ 2 2.38] 2.15
25 21232 “«“ 2 1.73] 1.93
26 |21604) ¢ 23 2.59} 2.47
27 21605 “ 23 3.22} 3.13
28 (21606 “ 23 3.62] 3.23
29 (21607] * 23 3.31] 3.35
Average........ 3.24( 3.42| 3.82] 3.12 3.80] 2.24 2.39! 2.26| 1.97| 1.94

* Not included in average.
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occurred earlier and were more marked when the serum of the 9 year
old chicken was used. This peculiar action of the serum of the
older animals rendered necessary the use of a serum concentration of
50 per cent. In other experiments 30 per cent plasma was substituted
for 20 per cent fibrinogen suspension. The action of serum was also
compared with that of Tyrode solution alone.

1. Serum of 6 Week Old Chicken.—The media contained respec-
tively 10 and 50 per cent serum, and 20 per cent fibrinogen suspen-
sion. Five experiments were performed (Table VI). The differences
in the rate of growth in the low and high serum concentrations were
practically the same (Text-fig. 13). Therefore, the serum of the
6 week old chicken could be considered as deprived of a retarding as
well as of an accelerating action on connective tissue cell proliferation.

2. Serum of 3 Month Old Chicken.—The media contained 2.5, 10, 50,
and 70 per cent serum, and was completed in some experiments by 20
per cent fibrinogen suspension, and in others by 30 per cent plasma.
There was no marked difference in the rate of growth in the low
and high concentrations of serum (Table VII). It seemed, there-
fore, that the serum of a 3 month old chicken did not contain any
accelerating factor. The slight retardation of the rate of growth ob-
served in the higher serum concentrations was too small to allow any
conclusion about the presence or absence of an inhibiting factor
(Text-fig. 13). 1In a last series of experiments, the differences in the
rate of multiplication of fibroblasts produced by 0 and 70 per cent
serum were examined. The amount of growth obtained in 70 per
cent serum was only 38 per cent of that observed in Tyrode solution.

3. Serum of 3 Year Old Chicken.—In seven experiments, the growth
of fibroblasts in fibrinogen medium containing 10 and 50 per cent
serum was studied. In other experiments, 30 per cent plasma was
substituted for fibrinogen suspension. The growth was found to be
constantly smaller in the media containing 50 per cent serum than in
that containing only 10 per cent (Table VIII). In the media made
of fibrinogen and serum, the amount of tissue produced in the 50 per
cent serum was only 66 per cent of the amount in 10 per cent serum
(Text-fig. 13). Since an increase of 40 per cent in the concentration
of the serum in the culture medium decreased the amount of tissue
produced by 34 per cent, the serum of the 3 year old chicken con-
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tained, without any doubt, a factor which inhibited markedly the
proliferation of fibroblasts ¢z vitro.

TABLE VIII.

Rate of Growth of Fibroblasts in High and Low Concentrations of the Serum of o
3 Year Old Hen, and in Tyrode Solution.

Medium. Medium. Medium.
. Tyrode so-]
o, | CHo | Date. 1oiii‘igt;soie;§‘lcfnt; 10 por conts|70 yorcemt;{1ution 7017 B
fibrinogen | fibrinogen | plasma plasma pe{a:;f:’ plasma
20 percent.| 20 percent. |30 per cent.|30 percent. 3opp o cont |30 percent.
1921
i 21001 | Apr. 22 5.32 3.25
2 21002 “ 22 3.64 3.21
3 21003 “ 22 6.0 3.53
4 21041 “ 23 3.08 2.33
5 21042 “ 23 3.9 2.22
6 21043 “ 23 3.29 2.78
7 21118 “ 27 1.83 1.40
8 21119 « 27 2.06 1.24
9 21120 “or Spoiled.
10 21121 “ 27 3.13 1.48
11 2122 |« 27 Spoiled.
12 21123 “ 27 2.18 1.24
13 21143 “ 28 4.34 3.55
14 21144 “ 28 4.13 3.69
15 21145 “ 28 5.90 5.50
16 21146 “ 28 5.62 5.22
17 21147 “ 28 4.09 2.78
18 21148 “ 28 5.08 4.73
19 21264 | May 4 4.33 2.60
20 21265 “ 4 3.25 1.54
21 21266 “ 4 2.68 1.48
22 21554 “ 20 2.65 2.19
23 21555 “ 20 3.42 2.28
24 21556 “ 20 3.06 2.35
25 21557 “ 20 3.54 2.81
AVerage.....ccvaiarncanas 3.27 2.18 4.16 3.24 2.65 1.36

In a few experiments, the action of 70 per cent serum was com-
pared with that of pure Tyrode solution, and under these conditions
the serum also appeared to have a marked retarding action (Table

VIII).
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4. Serum of 9 Year Old Chicken.—In several experiments, no
growth could be observed in the media containing 50 per cent serum
because the tissue fragment contracted. However, in a few, the
cultures remained normal and accurate measurements could be
made (Table IX). The rate of growth in the high serum concentra-

TABLE IX.

Rate of Growth of Fibroblasts in High and Low Concentrations of the Serum of a
9 Year Old Cock.

Medium.
Experiment No. Culture No. Date. Serum 10 per cent; | Serum 50 per cent;
fibrinogen fibrinogen
20 per cent. 20 per cent.
1921

1* 21267 May 4 2.53 0

2% 21268 “ 4 2.36 0

3* 21269 “ 4 2.74 0

4 21304 “ 6 1.82 1.03

5 21305 “ 6 1.11 0.20

6 21306 “ 6 1.60 0.80

7 21346 “ 8 2.43 1.57

8 21347 “ 8 3.24 1.46

9 21348 “ 8 2.36 0.87
AVEIagE. . . ittt ittt it e e e 2.9 0.99

* Not included in average.

tion was only 46 per cent of that observed in the low serum concen-
tration (Text-fig. 13). When the medium contained 70 per cent
serum, the tissue fragment practically always contracted and showed
very little activity. The cells contained more fat granules in the
higher concentrations of serum than in the lower. It appeared that
the serum of an old animal determined certain changes in the tissue
which could not be detected by mere measurement of the rate of
proliferation.

The results obtained in the preceding experiments are represented
in Text-fig. 13, in which the amount of growth in the high serum
concentration is compared with that in the lower, which is con-
sidered equal to 100 per cent. In no case did the fibroblasts multiply
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more actively in high than in low serum concentration. This demon-
strated that in growing animals, the blood serum does not contain
any accelerating factor for the proliferation of the fibroblasts. The
higher concentrations of the serum of the older animals retarded
the rate of multiplication markedly. There was no doubt, therefore,
that age does not bring about the disappearance from the blood
serum of an accelerating factor, but produces the increase of an
inhibiting factor for the growth of fibroblasts.

IIT.

SUMMARY.

Pure cultures of fibroblasts displayed marked differences in their
activity in the plasma of young, middle aged, and old chickens.
The rate of cell multiplication varied in inverse ratio to the age of the
animal from which the plasma was taken. There was a definite rela-
tion between the age of the animal and the amount of new tissue
produced in its plasma in a given time (Text-figs. 1 to 10). The
chart obtained by plotting the rate of cell proliferation in ordinates,
and the age of the animal in abscissa, showed that the rate of growth
decreased more quickly than the age increased (Text-fig. 12). The
decrease in the rate of growth was 50 per cent during the first 3 years
of life, while in the following 6 years it was only 30 per cent. When
the duration of the life of the cultures in the four plasmas was com-
pared, a curve was obtained which showed about the same charac-
teristics (Text-fig. 11). The duration of life of the fibroblasts i»
vitro varied in inverse ratio to the age of the animal, and decreased
more quickly than the age increased.

As the differences in the amount of new tissue produced in the
plasma of young, middle aged, and old chickens were large, the
growth of a pure culture of fibroblasts could be employed as a reagent
for detecting certain changes occurring in the plasma under the
influence of age. But the method possesses the necessary accuracy
only when it is used as has already been described,® and by techni-
cians thoroughly trained in the details of its application.

A comparative study of the growth of fibroblasts in media con-
taining no serum, and serum under low and high concentrations, was



ALEXIS CARREL AND ALBERT H. EBELING

621
made in order to ascertain whether the decreasing rate of cell multi-

plication was due to the loss of an accelerating factor, or to the in-
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TexT-F16. 14. Curve showing the variations of the index of cicatrization of
a wound 40 sq. cm. in area, in function of the age of the patient.

crease of an inhibiting one,

In high and low concentrations of the
serum of young animals, no difference in the rate of multiplication of

fibroblasts was observed. This showed that the serum of an actively
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growing animal did not contain any accelerating agent. The same
experiments were repeated with the serum of a 3 year old and a 9
year old chicken. The medium made of a high concentration of
serum had a markedly depressing effect on the growth, and this
effect was greater in the serum of the older animal (Text-fig. 13).

The results of the experiments showed in a very definite manner
that certain changes occurring in the serum during the course of life
can be detected by modifications in the rate of growth of pure cul-
tures of fibroblasts, and that these changes are characterized by the
increase of an inhibiting factor, and not by the loss of an accelerating
one. It appeared, therefore,that the substances which greatly accel-
erate the multiplication of fibroblasts and are found in the tissues®
do not exist in the blood serum, or are constantly shielded by more
active inhibiting factors. The curve which expresses the varia-
tions of the inhibiting factor in function of the age was compared
with that showing the variations of the rate of healing of a wound
according to the age of the subject. For wounds of equal size, the
index of cicatrization, which expresses the rate of healing, varies
in inverse ratio to the age.” The different values of the index
of cicatrization of a wound 40 sq. cm. in area, taken from measure-
ments made by du Noiiy,? were plotted in ordinates, and the age of
the subject in abscisse (Text-fig. 14). The curve showed a decrease
in the activity of cicatrization which resembled the decrease in the
rate of growth of fibroblasts in function of the age of the animal.
This suggested the existence of a relation between the factors deter-
mining both phenomena.

Iv.
CONCLUSIONS.

1. Under the conditions of the experiments and within the limits
of accuracy of the method, there is a definite relation between the
rate of growth of a pure culture of fibroblasts, cultivated in
plasma, and the age of the animal from which the plasma is

7du Noity, P. L., J. Exp. Med., 1916, xxiv, 451.
8 du Noiiy, P. L., J. Exp. Med., 1916, xxiv, 463.
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obtained, the rate of cell multiplication varying in inverse ratio
to the age. A similar relation exists between the duration of life
in vitro of the fibroblasts, and the age of the animal.

2. The variations in the rate of growth of a pure culture of fibro-
blasts may be used as a reagent of certain modifications occurring in
blood serum under the influence of age.

3. The action of age on serum is characterized, not by the de-
crease of an accelerating factor for the multiplication of fibroblasts,
but by the increase of an inhibiting factor.



