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Growth and Death" and made them the 
basis of a book published the following 
year. For him, tlie subject meant cell meta- 
morphosis, with which he had been familiar 
through all his studies in histology and 
embryology, but what he sought in this sub- 
ject of "Age, Growtli and Death" was a 
scientific solution of the problem of old age 
which slloulcl have-I quote his words- 
"in our minds, the character of a safe, 
sound and trustworthy biological conclu- 
sion." He ventured to think that some 
contemporary students of the phenomena of 
longevity had failed to exercise sufficient 
caution in  forming their conchlsions. 
Nevertheless, Minot was a scientific opti- 
mist; full of hopc for perpetual progress 
and for useful results a t  many stages of the 
long way. These characteristics appeared 
clearly in the following pamage, taken from 
the first lecture of that course at  the Lowell 
Institute : 

I hope before I finish to con\-ince yon that me 
are already able to cstablisll certain significant 
generalizations as to what is essential in the 
rhacnge from youth to old age, and that in conse- 
qucnrc of these generalizations now possible to us 
new problems present themsel~es to oar minds, 
which we hope really to be able to solve, and that 
in the solvi~lg of them n.e shall gain n sort of 
knowIedge which is likely to be not only highly 
interesting to the scientific biologist, but also to 
prove in the end of great practical value. 

There spoke the cantious, modest, hope- 
ful  scientist, expectant of good. Such is 
the faith which inspires the devoted lives of 
scientific inquirers. 

CHARI~ESW. ELIOT 

XBE STIZULATION OF GBOVTITl 

I 

THE growth of living organisms differs 
from that of crystals in three evsential fea- 
tures. While the crystal grows only in a 
supersat~~ratedsolution of its own sub-
1Read at  the meeting of the National Academy 

in Washington, April 19, 1915. 

stance, living organisms can grow inde- 
finitely in even a very low concentration 
of their nutritive solution ; second, the nu- 
tritive solution need not and perhaps should 
not contain the compound? found in the 
cells, but only their split products, while in 
tlie case of the crystal the substance of 
crystal and solute must be identical. Arrd 
thirdly, growth leads in living cells Lo the 
process of cell division as soon as the mass 
of the cell reaches a certain limit. Need-
less to say this process of cell division can 
not even metaphorically be claimed to exist 
in a crystal. 

The fact that the cell can grow in a very 
low concentration of its nutritive solution, 
and the further fact that the nutritive solu- 
tion only needs to contain tlie building 
stones for the complicated compounds of 
the cell, find their explanation in the as- 
sumption of the existence of synthetic 
enzymes or synthetic mechanisms in the 
cell. 

The problem of growth is linked with 
that of death and immortality, since i t  
would follow from our definition that the 
growth of a cell should go on eternally in a 
proper nutritive solution and under suita- 
ble conditions of temperature, provided 
that the synthetic catalvzers last and that; 
they synthetize thcir own substance.Vhis 
is apparently true for bacteria and perhaps 
also for protozoa. Weismann has claimed 
immortillity for a11 unicellular organisms 
and for the sex cells of metazoa, while he 
concedes mortality to the body cells. Leo 
Loeb recognized that immortality may be 
claimed also for the cells of malignant 
i,umors, like cancer, for he had found that 
when he transplanted cancer cells on olher 
animals the cells of the original cancer and 

2 This Iatter assumptjon leads to the conncctioo 
of the problem of growth with that of autocataly- 
sis as suggested first by the writer in 1906 and 
morkcd oat  srtb~equrentIy in 1;he papers o f  Vro. 
Ostwald and T.B. Robertson. 
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not the cells of the host grow into a new 
cancer. He suggested i n .  1901 that this 
claim might be extended to somatic cells in 
general. 

The idea suggests itself that not only the germ 
cells can bc immortal, but that perhaps also the 
aomatic cells, like connective tissue cells, might, 
under certain conditions, live for a long period, 
much longer than the individual life of the organ- 
ism of mhich they were a part, that they might 
perhaps also be in~mortal in the same sense as the 
ovum ia.3 

Retnrning to the same problem in 1907 
he added the following remarks : 

There exists another very striking phenomenon 
in the growth of malignant tumors, to which I 
called attention in my first communications on the 
transplantation of tumors, namely the fact that 
tumor cells have apparently an unlimited existence 
and that they seen1 to resemble in this respect the 
germ cells. I t  is certain that their life and growth 
exceeds that of the other somatic cells of the in- 
divid~~al,from which they are taken. But at  
present me are not yet justified in saying that the 
tumor cells differ in this sprcificdly from certain 
other somatic cells. I t  has been tacitly assumed 
thus far that the somatic cells of the metazoa have 
only a limited existence, but no attempt has been 
made to determine exactly the possible duration 
of life of somatic cells. We must therefore con-
sider the possibility that certain somatic cells pos- 
sess the same apparently unlimited duration of life 
as somatic tumor cells. . . . This seems to be a 
biological problem of great bearing to which the 
experimental investigation of tumors has led, and 
it might be possible to decide experimentally 
whether or not other cells resemble tumor cells in 
this respect.4 

The experimental decision seems to have 
been funlishecl, since Carrel has succeeded 
in keeping connective tissue cells from a 
chick embyyo alive for over three years, 
and these cells are still growing and divi- 
ding. It should be addccl, however, that 
similar attempts with other cells have not 
yet met with the same success. 

3 Leo Loeh, < ( O nTransplantation of Tumors," 
Jour. Med. IZes., VI., 25, 1901. 

4 Leo Loeb, L'Beitriige ztlr Analyse des Gevebe- 
wachstums," Arch. f. E?ltw67;rungsnl.ec7t., XXIV., 
655, 1907. 

While thus theory and experience seem 
to agree to some extent, a closer exaniina- 
tion of actual conditions reveals a some-
what different and more complicated situa- 
tion. The egg cell, for which Weismaan 
claimed immortality, can not grow and 
develop and will die quickly if it is not 
fertilized at  a certain stage of its existence. 
The cells in the body will not grow con-
stantly as our definition seems to demand, 
but their growth is followcd by a period of 
rest from which they may be aroused by 
special substances or by a wound. More-
over, all differentiation of form in animals 
and plants depends on the fact that the 
different parts grow with different veloc- 
ities, since otherwise all organisms would 
be perfect spheres. 

I n  reality then the resting condition of a 
cell seems to be as much a part of real life 
as growth and cell division. Yet the defi- 
nition from which we started is apparently 
correct, and i t  may be that we have to de- 
fine the additional conditions which make 
a resting cell possible and which will wake 
a resting cell from its slumber. 

I1 

I n  the usual treatment of the problem of 
growth the increase of mass of the whole 
organism is taken into consideration. 
mThile this method is adequate for the study 
of the relation of nutrition to growth, i t  is 
not adequate for the study of the stimula- 
tion of growth. I n  the latter case we must 
remember that i t  is the individual cell 
which groms, and that we must therefore 
study the mechanism of this stimulation in 
the individual cell and not in the organism 
as a whole. The ideal object for this study 
is the egg cell, since we can observe it in 
the condition of rest as well as of cell divi- 
sion and growth. 

Since usually- cell division follows growth 
and is possibly a consequence of the in-
crease of mass of the cell, this rule does not 
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always hold in the egg cell, where as a rule 
immetliately after fertilization a series of 
cell ciivisions follow without any increase 
of mass of the egg. The egg, when divided 
into t~vo or more cells, does, as a rule, not 
weigh nmore (and may possibly weigh a 
little less) than tllc oriqinal egg cell before 
it l~eganto divide. This exception from the 
rltle that cell division is preceded by growth 
of the cell is not real, sincr the egq cell is at 
first riinch larger than the ordinary body 
cc.11 of the grom~ing organism. If the rela- 
tion betnreen s i g  of ccll and ccll division 
exists we must expcct that the egg cell after 
i t  is f~rtilized mnrst first unclergo a series 
of cell t'iivisions without any growth, until 
each cell of the original egg has been re- 
duccd to thc size of tbc cell charactclristic 
for the species. Only aftcr this has hap- 
~ ~ e n e i lcan thc orclirlary cycle ol' grosvth of 
the cell with subsequent ccll division heg511. 

The writer is suspicions that even in eggs 
where wr notice at first ccll rlivision with- 
out growth,. in reality grotvlh may talre 
p1ae"e SR& ecqrrs as those of tlie sea urchin 
consist largely of reserve material which is 
gradllnlly transformed into the peculiar 
state which we desiqnate as living proto- 
plasm (and which niay differ from non-
prot oplasn~ic me tcrial in tlie possessiou of 
synthesizing enzymes or mpcha~~isms). In  
the first stages of ccll division this transfor- 
mation of reserve material into living ma- 
terial may occur, ar~tl this transformation 
is the real grov, th m2lich we 01)st.r~~ in the 
l~acteria and later on in the celLs of meta- 
zoa, bnt ~ ~ l i i c l ~  is not directly visible in the 
first stages of cell clivision in the egg. 

The ~u7fcrtilizerl cgq immcdiatcly before 
ferlili~ation is usr~ally unable to divide 
even under the most perfect conditions. 
With all the food existing in a hen's eqg 
the germ can not grow imless i t  is fertilized, 
while this gmwth takes placc after a 
spermatozoon has entered the egg. Tliere 
exists, therefore, a mechanism by which the 

same egg cell can be in a state of rest in 
whicll growth is inhibited. What is the 
nature of this peculiar inhibitory meehan- 
ism and what is the m~chanism by which 
the entrance of a spermatozoon abolishes 
this inhibition? The experiments on arti-
ficial par t l~~ei iogenesis~l1o.w to give a us 
partial answer to this question. 

In  the case of ccrtain eggs, e .  g., the egg 
of the sea urclrin. the elitranee of a sperma- 
tozoon is follo\ved immediately by a stlik-
ing change in the surface of the egg. Tho 
latter surrourirls itsclf with the so-called 
Iertilization ~nenib~anr.  If we induce this 
rnembvar~e formation by certain chemicals 
(c. g., a short treatment with a fatty acid) 
the eggs when put baclc into normal sea 
xvater will begin to dcvclop at a low tem- 
perature and may reach the larval stage. 
But at thc temperature of the rooin or 
ever1 of the ocean the eggs may begin to 
dcvclop, bat they will perish the more 
rapiclly the higher the temperatnre. On 
the other litnld, the eggs if ferbilizetl svit1i 
sperm will develop at room tcmperaturca. 
IVhat causes this diffcrencc? The answer 
is that the alteration ol the wrfacc of the 
egg ilid~iced by a fatty acid initiates (level- 
opmcnt hut is not su%cicnt to guarantcc. a 
ilormal des~eloprnent at  ordinary conditions. 
For this purpose a sccond treatment is re-
i l~~i redand this can be given in the form 
of a short treatment a~ ~ i t l ihypertonic 
soh~tion or a longer treatnieilt with lack of 
oxygen. Alter the egg has recrived the 
sccontE treatrl~ent it can dovelop into a 
normal larva at room temperature. I am 
suspicions that even a third factor may 
have to he supplied. since the ~nostalit~y of 
the partllcnogcnctic larva? is qrcder  illan 
that of the normally fertilized eggs. 

Why is i t  that the membrane formation, 
or niore correctly an alteration of the sur- 

:The reader is refcrrcd to thc %liter's book on 
'(zX~tifici:rl Palthenogc.l~es19 airrl Fertilizaiion," 
Chii~ugo,1913, fo r  details and literature. 
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face layer of the egg, which may or may not 
result in a membrane formation, starts the 
development of the egg? The xvriter had 
found that the fertilized egg can not develop 
if cleprived of oxygen, but that develop- 
ment begins again instantly if oxygen is 
admitted. From this and other observa- 
tions he concluded that fertilization by 
sperm as well as artificial meml~rane forma- 
tion induced development by raising the 
rate of the oxidatiol~s in the erg, and this 
surmise was confirmed by actual measure- 
ments by 0. Warburg as well as by Was- 
teneys and the ~ r i t e r . ~  Tt was found that 
the entrance of a spermatozoon into the 
egg raises the rate of oxidations from 400 
per cent. (Arbac ia )  to 600 per cent. 
(Stt.ongyloce?ztrotzrs l?urpt.ct.atz~s) and that 
artificial membrane formation by butyric 
acid raises the rate of oxidations to exactly 
the same amount. 

The changes which determine this char- 
acteristic rise in tlie rate of oxidations of 
the egg are situated at  the surface of the, 
egg, in its cortical layer. The process 
underlying membrane formation can be 
callecl forth by any substance which causes 
cytolysis-that form of destruction of the 
cell which results in the transformation of 
a cell into a mere shadowy slceleton. Any 
cytolytic agent will induce membrane 
formation and also tlevelopment in the un- 
fertilized egg, if it is allowed to act on the 
superficial layer of the egg only, i. B., if the 
egg is removed from its influence after the 
membrane formation. If i t  is not removed 
the whole egg will undergo cytolysis and 
can no longer develop. Rut  such eggs will 
still show the rise in the rate of oxiclations 
which fo1lo.i~~artificial membrane forma- 
tion, thus indicating that the sudden rise in 
the rate of oxidatiolls which me notice after 

6 There are indications that otlier processes are 
also initiated or accelerated by fertilization, but 
this may be from eonsidcrstion in this 
connection. 

artificial membrane formation depends only 
upon the alteration of the surface of the 
egg, regardless of the condition of the rest 
of the egg. 

The forces which incluce the egg cell to 
develop are, therefore, localized a t  the sur- 
face of the cell and consist in a change 
(possibly a cytolysis) of the cortical layer 
of the egg. TVe do not know how this 
change induces the rise in the rate of oxida- 
tions upon which clevelopment depends, but 
from Warbnrg7s work i t  appears probable 
that tlie oxidations in the sea urchin egg 
are due to a catalysis by iron. This woul(l 
indicate the possibility that in the cytol- 
ysjs of the cortical layer of the egg the iron 
would be transformed from a condition 
where i t  is unable to act as a catalyzer into 
n condition where it can act in this capacity. 

We have mentioned the fact that all 
eytolytic agencies call forth the membrane 
formation in the unfertjlizecl egg. Such 
cytolytic sitbslances (the lysins of the bac- 
teriologist) are also contained in the blood 
ancl cell extract of each animal; only with 
this linlitation that the cells of our own 
body are irnmnne against the action of our' 
own lysins, but not against the lysins in the 
blood and cell extract of other animals. I 
was able to show that we can call forth 
membrane formation and development in 
the sea urchin egg with foreign blood, e. g., 
ox blood, or with the extracts of foreign 
tissues, but not with their own blood or 
tissue extract. Wasteneys and the writer 
could show later that this method can be 
applied generally for artificial partheno- 
genesis. This immunity of the egg towards 
the lysins of its own body we may explain 
on the assumption that the lysii~s contained 
in foreign blood can enter the cell, while the 
latter is iml~ermeable for the lvsins con-
tained in the blood or tissue extract of the 
same species. If it were not for this immu- 
nity, all the eggs would be induced to 
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develop before they leave the ovary. This 
is not the case. 

The work on physiologically balanced 
salt solutions has brought out the fact that 
the permeability of the cells in a body may 
undergo variations and when this happens 
it is conceivable that the lysins in the blood 
may induce eggs to develop in the ovary. 
Leo Loeb states that 10 per cent. of the 
eggs in the ovary of a guinea-pig may show 
a beginning of parthenogenetic develop- 
ment, and certain spontaneous tumor for- 
mations in the human ovary may find their 
explanation in  this way. I n  other words, 
it is not excluded that one form of limited 
growth may be due to the immunity or im- 
permea.bi1ity of cells to blood of the same 
species. 

The question then why an unfertilized 
egg can not grow and why a fertilized egg 
possesses the power of dividing and grow- 
ing is therefore answered in the sense that 
both conditions depend apparently upon 
the condition of the surface layer of the 
cell. 

The most important fact for our present 
problem is the observation that the altera- 
tion which starts the development of the 
egg is to some extent reversible. The his- 
tory of the egg is such that after a num- 
ber of cell divisions the final stage of the 
unfertilized egg ready for fertilization is 
reached. If a t  that stage i t  is fertilized by 
sperm or induced to develop by artificial 
means the processes of cell division and 
growth ~vil l  continue; if not, the egg will 
soon die. There is a third possibility. The 
unfertilized egg may start to develop. then 
stop and go practically, though not entirely, 
back into the state in which i t  was before 
starting to develop. 

The clearest case of this kind was ob-
served in the egg of the Californian sea 
urchin. When the unfertilized egg of 
Xtrongylocentrot~cs purpuratus is treated 

with a hypertonic solution the eggs may 
begin to segment into two, four, or eight 
or sixteen cells, but then they cease devel- 
oping and go back into the resting condi- 
tion in which they were before the egg 
started dividing, a i t h  the exception of one 
condition which will be mentioned later. 
I n  the place of each of the original eggs 
we have now two, four. eight. etc., smaller 
cells. The observation is of importance for 
the theory of fertilization, because i t  dis- 
poses of the idea once held by Boveri that 
eggs are in the resting stage because they 
are lacking the apparatus for cell division; 
these e g g  went into the resting stage again 
in spite of the fact that they possessed the 
apparatus for normal cell division. If the 
cells of such an egg are s t  a later time fer- 
tilized with sperm, they form a fertiliza-
tion membrane and develop. They will 
develop also into larva if they onIy re-
ceive the butyric-acid treatment without 
the corrective factor. The original treat- 
ment with the hypertonic solution provided 
these e g p  permanently with the corrective 
effect. 

What caused these eggs which were Beg- 
menting to go bacl: into the resting stage? 
I am inclined to assume that in these eggs 
the change in the cortical layer which 
started the development was gradually or 
suddenly reversed. We should expect this 
to betray itself in a lowering of the rate of 
oxidations. X7asteneys and I have found 
indeed that unfertilized eggs of p u ~ p u r a t z u ,  
which show an increase in the rate of oxida- 
tions after a treatment with a hypertonic 
solution, show a lower rate if examined 
after some time. I t  seems then possible 
that the change in the cortical layer which 
leads to a rise in the rate of oxidations is 
under certain conditions reversible. 

These are not the only cases of rever-
sion. I noticed that if the development of 
the eggs of A ~ b a c i ais induced either by a 
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treatment with butyric acid or by alkali, 
and if the egm are afterwards prevented 
from developing (by putting them for a 
certain length of time into sea water con- 
taining NaCN) they will go back into a 
resting condition from which they can be 
aroused again by a treatment with sperm. 
We suspect that in this case the reversion 
in development is also accompanied by a 
reversion in the rate of oxidations. 

We see then that our definition of a cell 
as being constantly ready to grow and seg- 
ment is not strictly fulfilled even in the 
case of the egg cell, which, according to 
Weismann, we may consider as immortal. 
Instead we see that the egg cell can appar- 
ently alternate between a resting conclition 
and an active condition, and that the na- 
ture of the cortical layer of the egg deter- 
mines in which of the two conditions the 
egg exists. 

From this we might conclude that our 
original definition, that each cell will grow 
and multiply eternally, may hold after all 
if we add the fact, that in the egg cell a 
variation in the nature of the cortical 
layer may start or  inhibit cell division and 
growth. We may nest ask: Does this addi- 
tion also satisfy the facts we find in the 
adult body where the cells come to rest un- 
less they are called into active growth again 
by a wound or by the not definitely known 
causes of tumor formation? Or, in other 
words: I s  i t  only a change in the cortical 
layer which condemns the cells of the adult 
body to rest and those of the young body 
to grow ? 

Unfortunately, our task is not so easy. 
The unfertilized egg which is ready for 
fertilization will die comparatively rapidly, 
unless i t  is fertilized by sperm or treated 
by the methods of artificial partheno-
genesis. We can prolong its life by SUP-

pressing its oxidations. Before the egg is 
mature its duration of life seems longer. 

I f  the eggs of the stal.fish are allowed to 
mature they die in a few hours if not fey- 
tilized; if they are prevented from becom- 
ing mature they live much longer. It is 
not known that anything similar to this 
exists in the somatic cells of the adult 
animal. Until such knowledge is acquired 
we must be prepared to admit that the rest- 
ing cell of an adult organism is in a condi- 
tion which is not comparable to that of the 
unfertilized egg. 

111 

We know that the growth of resting cells 
in a body may be induced if the blood con- 
tains certain substances which differ for 
different kinds of cells. One of the most 
recent and most strilring observations in 
this direction was that of Gudernatsch, 
who found that in the tadpole of a frog or 
a toad, whose legs ~nsually do not begin to 
grow until i t  is several months old, the 
legs can be induced to grow out a t  any 
time, even in very young specimens, by 
feeding them with the substance from 
thyroid glands. No other material seems 
to have such an effect. The thyroid con-
tains iodine, and Morse states that if instead 
of the gland iodized amino-acids are fed 
the same result can be produced. We must 
draw the conclusion that the normal out- 
growth of legs in a tadpole is also due to 
the presence in the body of substances 
similar to the thyroid in their action (it  
may possibly be thyroid substance) which 
is either formed in the body or taken up 
with the food. 

That the phenomena of larval meta-
morphosis are independent of the influence 
of the central nervous system has been 
amply demonstrated. Thus I could show 
in 1896 that if we cut through the spinal 
cord of an anlblystoma larva the meta-
morphosis of the body in front and behind 
the cut takes place simultaneously. Uhlen-
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hrxth xllo~ved that if the eye of a salainander 
larva is transplanted into another l ama  the 
transplanted eye undergoes iik metamor-
phosis into the typical eye of the adult  form 
s i~n~~l taneons lytrith the normal eyes of the 
individ~tal into which it was transplanted. 
These and other observations of a siniilar 
fharaeter show that substances circulating 
in the blood are responsible for  the phe- 
nomena of growth i n  this ease. 
11 se ry  instrixetive obsrrvation on the 

r6le of internal secretion on growth war 
made by T~eo T~ocb. When the fertilized 
ovum comes in  eontnet with the wall of the 
a t e m s  i t  calls forth a grot! th Illere, n a m ~ l y ,  
thc formation of the maternal placenta 
(dccitlua). T~eo T~oeb showed that  the car-
pus luteam of the ovary gives of'£ a snh-

say that Sachs's Iheory is certainly sup- 
ported by a stately array of facts. 

Thet-e ma-\- alco bc substances which affect 
growth more generally. Thjs is indicated 
in tlie apparent connection of acromegaly 
and qiantism with diseases of the hypo- 
physis and in  the inhibition of longitudinal 
gvo~t lz  after extirpation of the thyroid. 

T e  are, howevcr, unable to answer llie 
cluestion as to how these silbstauees initnct:: 
thc cells to grow. Are the resting cells in 
the body in  the condition of the unfertil- 
ized egg and does the thyroid in G u d ~ r -  
natsch7s experiment produce an  alteration 
of the cortical layer of the cells from which 
the legs grow out, similar to that caused Ity 
the batj7ric-acid treatlnent of the egg? T t  
~vould not be safe to make, such an assump-

stance to the blood which alters the t i s s l ~ ~ s  tion a t  present, since Ire do not eveii ki~orv 
in  the r l t ~ r i ~ s  in such a y a y  that any eorltact 
with any foreign body induces this deci- 
dlroma formation. The case is of interest 
since it indicates that  the substance given 
ofl by the corpus Inteuin does not induce 
growth directly, hnt that i t  allows meehaa- 
i c d  contact with a loreign body to induce 
g r o ~ ~ t h ,while wiillollt the intervention of 
the corpns liltcr~li~ sx~l~stanceno such cffcct 
of i11c rl~echanical stirnillus wonld be oh- 
se~-vahIe. The action of the substance of 
the corprxs lntcnnl is inclt~pcnclentof the 
~ lc r ronssystem, since in a txtcrus which has 
heen taut out and ret:.ansplal~tecl into the  
animal the same phenomenon can be ob 
served. 

Ail these cases agree in this, tha t  appar- 
ently specific subst~nces  induce or favor 
growth not in  the wl-role body, but in spe-
cial parts of the body. This recalls the idea 
of Saehs that  there must be in each organ- 
isni as many specific organ-forming sub- 
stanvrs as t11ei-e are  organs in tlie body. 
TTThen this stateliicnt mas made by Sachs 
the facts on the specific effcct of internal 
secretion were U I I ~ ~ ~ I O W ~ I .To-day we can 

whctlier the products of internal secretion 
act directly on the g ro~r ing  cell ov only in 
some indirect way. TVe only Imo\v that 
conditions of rest in the cells nlay be inter- 
rupted hy t11c prorlnction of ecrtain sub- 
slances in the body or by t l ~ e i r  introdnc. 
tion in the form of food; and convc.rsely we 
may s u s p ~ c t  that the rest of tlie cells may 
hnvc becn enforced by the presence of 
other substances (or cells) in the blood 
a~itagonistic to the former. 

The idea that  the products of internal 
secretion or certain si~bstances talien I I ~in 
the food do not act directly ~ l p o n  the etdlls 
1~11ose growth they influelice. but indirectly 
1hrongl.i a n  alteration of metabolism, is 
strongly s ~ ~ p p o r t e d  by the in t~re r t ing  ob- 
seryations of Geoffrey Smith. Claude Ber- 
nard and Vitzou bad shown that the pe- 
riod of growth ancl moulting of the higher 
Clrnstacea is accompanied by a heaping up 
of glycogen in the liver and subdermal con- 
nective tisxue. Slnitlz found that  during 
the period between two moultings wllen 
there was no g ~ o w t h  the storage cells are 
seen to be filled with large ancl lmmerous 
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fat  globules instead of with glycogen. He 
also found that in the Cladocera "the pe-
riod of active growth is accompanied by 
glycogen-as opposed to f at-metabolism. " 
I le  observed, moreover, that if Cbadocera 
are cro~vded at a low temperature the fat 
metabolism (with inhibition to growth) is 
favorecl, while at  high temperatures and 
with no crox-ding of individuals the gly- 
cogen metabolism is favored. I n  the latter 
case a parrly parthenogenetic mode of 
propagation is observed, while in the former 
sexual reproduction takes place. The effect 
of crowding of individuals is apparently 
due to products of excretion, which then 
art on growth and reproduction indirectly 
by modifying the "glycogen metabolism" 
to "fat metabolism." 

IV 

Factors which directly inhibit growth 
have been discovered by Jas. R. Murphy, 
of the Rockefeller Institule. I t  was knotvn 
that tissues can not be successfully trans- 
plantecl into a different species. Murphy 
discovered that this nzle does not hold for 
the chiclr embryo. Any kind of tissue, even 
human, will grow if transplanted to such 
an embryo. This g m ~ ~ t h  theof trans-
planted tissue will stop, however, when the 
chick is ready to hatch, and Murphy found 
that this is due to the development of a 
certain type of cells in the chick embryo 
at that period, namely, the lymphocytes. 
Pllurphy found, moreover, that he could 
put adult mice and rats also into the con- 
dition of tolerance to foreign tissues when 
he destroyed their lymphocytes by an ex- 
posure to X-rays. As soon as the lympho- 
cytes are formed again foreign tissues can 
not grow any longer on the animal. I n  this 
case we have a definite inhibition of growth 
by the action of lymphocytes which collect 
around the transplantcd piece. I t  is not 
yet possible to state to what extent this 

observation on the inhibition of growth can 
be generalized. 

We shall see later that possibly the oppo- 
site may also be true, namely, that certain 
cellular elements may have an accelerating 
effect on growth. 

V 

When a wound is made. cells tvhich had 
been at  rest may begin to grow. I n  rnally 
lower animal organisms and in plants whole 
organs may be induced to grow as a con-
sequence of a mutilation. These phenom- 
rna are l m o m  nnder the name of regenera- 
tion. The name indicates the power of a 
living organism of restoring lost parts. 

We can see from a physicochemical view- 
point why a cell should be endowed with 
a power of growing indefinitely, since we 
only need to assume the presence of suitable 
synthetic enzymes in the cell; but we fail 
to see from the same viewpoint why an 
organism should have the power of restor- 
ing lost parts. Weismann and others have 
tried to account for this power in a rneta- 
physical way which mas shown to be in 
conflict vi th the facts. 

The statemrnt that regeneration consists 
in the restoration of lost parts is not always 
the exact expression of the actual facts. I n  
plants, e .  g., me notice-in the majority of 
cases-not a restoration of the lost parts 
but the outgrowth of one or more dormant 
buds which are often at some distance from 
the seat of injury. There has been some 
discussion whether in view of this fact we 
can say that regeneration exists in plants. 
This merely verbal difficulty disappears if 
we disregard the metaphysical sense of the 
term regeneration and realize that the es- 
siatial feature of the phenon~enon is the 
fact that if we wound living organisms, 
cells or anlagen 'irhich had ceased to grow 
suddenly begin to grow. Thus the problem 
of regeneration becomes a problem of 
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growth and the real question is: How can 
the process of wounding induce growth in 
cells which had been a t  rest and would 
probably have remained so during the 
whole term of life of the individual? I t  
is not the wound in itself which induces the 
growth; since in plants the growth of new 
organs does as a rule not occur along the 
area of the wound, but at  some distance 
where an old bud existed or a new one is 
formed. The iiistance of the growing or 
regenerating part from the wound may be 
quite considerable.' 

I t  has been stated that the isolation of 
the parts is the cause of the new growth 
following the wound. Thus if a leaf of the 
tropical plant Br'?joph?jllunz calyci'~zun~is 
cut off from the plant each of the notches 
will give rise to a new plant when the leaf 
is kept in a moist atmosphere. (This is the 
regular may of propagating this plant.) 
But no such growth will occur as long as 
the leaf is kept in connection with the plant 
(and the latter is normal). Here we seem 
to have a clear proof of the generally ac- 
cepted statement that isolation of parts 
leads to regeneration. The idea seems to 
be still further corroborated if we cut off 
a leaf with a piece of the main stem of the 
plant and suspend i t  in moist air. In this 
case no new plants will grow from the 
notches of the leaf. This again seeminqly 
supports the idea that the separation of the 
part from the whole js the cause of growth 
since the leaf attached to a piece of the stem 
is less isolated than a leaf without any stem. 
Yet i t  can be shown that if me diminish 
the degree of isolation of the leaf still inore 
by leaving i t  attached to a stem still pos- 
sessing the opposite leaf the power of the 
first leaf to form new plants in its notches 
is enhanced again. The experiment can be 

7 The process of healing, i. e., of the clo3ing of 
the wound, should be kept distinct from the phe- 
nomena of gromth which constitute regeneration. 

made in  the following way. From the same 
plant let be talren (1)an isolated leaf, (2) 
a leaf with a piece of stem, (3) a leaf with 
a piece of stem and the opposite. leaf; let 
all leaves be suspended in a moist chamber 
with their tips submersed in water. The 
first and third specimen will form new 
plants in the submerged parts of their 
leaves in a comparatively short time, while 
t l ~ e  second ~vill do SO not at all or consider- 
ably later than the other^.^ IIence the ex- 
periment shows first that complete isolation 
induces the leaf to form new plants, that 
less isolation will inhibit this phenomenon, 
and that still less isolation ~vill  again call 
forth the regeneration. T t  is ttierefcrre 
plainly impossible to state that isolation is 
the came of regeneration. 

Those nrho i~lalie such a statement usu- 
ally assume the cxistcnce of inhibiting in- 
fluences in the plarit and explain the effect 
of isolation on regeneration 01, growth on 
the assumption that the isolntion frees the 
part from this inhibiting inflnence of the 
whole organism. We sl~ollld be forced to 
assume that in the normal Er.yop7~yllurn 
there exists an inhibiting inflvlcnce which 
prevents thc buds in the notches of the 
leaves horn growing, while when the leaf 
is cut off the notches are releasetl from this 
inhib i t i~~g To this idca we can influence. 
agree, but I hen 1he cyucstion arises :What is 
this inhibiting influence? Thus it is a com- 
mon experience that in the isolated stem 
of BryophyZlum only the apical buds mill 
grow, while if we cut off the apical buds the 
next lower buds will grow out, and so on, 
Renee the growth of the apical buds in-
hibits the g r o ~ ~ ~ t h  Someof the lower buds. 
more recent authors have suggested that 
a kind of newom influence is responsible 
for this inhibition. But we have already 
mentioned a number of facts which show 

8 A full ncrount of these experiments on Brgo-
p7qllum will be published in tho near future. 
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that in animals substances circulating in 
the blood influence growth independently 
of the central nervous system. I n  Bryo-
phyllum I have recently made some experi- 
ments ~lrhich seem to agree with this hu-
moral theory of the control of growth. 
I t  can be shown in Bryop7tyZlum that if a 
part a inhibits the growth in a part b, the 
presence of b Savors growth in a. 

We will illustrate this by two experi-
ments. When we suspend in the moist air 
of a closed vessel a stem of Bryoplzyllum, 
whose tip, roots and leaves have been re- 
moved, only the buds in the uppermost 
node will grow into shoots. The growth of 
the apical shoots inhibits the growth of the 
lower buds. But if we isolate a nocle near 
the apex and suspend i t  En the same moist 
chamber, as a rule no regeneration will 
occur in this nocle; only if v e  leave the 
lower parts of the stem connected with the 
apical node can the latter regenerate in 
moist air. IIence the lower part b, in 
which regeneration is suppresseel by the 
topmost part a, is necessary or  helpful for 
the regeneration of the top a. 

The same effect can be produced if, in- 
stead of leaving the node near the apex in  
connection with the lower pieces of the 
stem, x7e leave it in connection with one leaf 
or part of one leaf, I n  this case also 
growth of the bud will occur in the moist 
air. As we have already stated, the leaf is 
inhibited from forming new shoots in its 
notches through the connection with the 
stem, Hence the stem which inhibits the 
growth of shoots in  the leaves is helpecl by 
the leaf in its own regeneration. 

This seems to agree at  first sight with 
the idea first suggested by Sachs that the 
specific shoot-forming substances do not 
exist in sufficient quantity in the topmost 
part of the stem and that they must be 
suppliecl to this piece either by a leaf or  by 
a larger piece of stem. And on the same 

principle might be explained the inhibition 
of the top piece upon the regeneration of 
the lower nodes. To this assumption the 
simple objection is possible that a long 
stem contains material enough to form a 
dozen shoots or more, as can be shown if the 
stem is cut into shorter pieces. Each of the 
lower nodes will in this case form two new 
shoots. Yet the formation of two shoots 
:st the apical node will prevent the forma- 
lion of shoots at  the lower nodes, although 
there is enough material to form shoots in 
cvery node. 

I t  can be shown that the upper nodes 
if isolated will promptly form shoots if put 
into a thin layer of water. Hence the 
presence of a leaf or of the greater part 
of a stem enables the upper node to form 
shoots in moist air either by supplying i t  
with the necessary amount of water or  by 
establishing a flow of material. Where we 
have a closed circulatory system as in ani- 
inals we know that the heart action can only 
maintain a circulation if the blood vessels 
are filled with blood. The writer is n0.t 
suficiently familiar with the circulation 
in plants, but botanists do not assume the 
existence 01 a closed circulatory system. 
But, h o ~ ~ e v e r  this may be, the presence of 
a sufficient quantity of water seems to be 
the prerequisite for a constant flow of sub- 
stances in the conducting vessels. If we 
assume that the anatomy of the conducting 
vessels determines a flow of substances to 
the apex and second that the buds in that 
region hold all or practically all the forma- 
tive or specific material which induces 
growth, the inhibition of growth in the 
lower buds becomes clear. 

Hence we are inclined to explain both the 
inhibiting effect of an organ a upon the re- 
generation in b as well as the accelerating 
effect of 6 upon a, from the following three 
factors: first, the peculiarities of the anat- 
omy of the conducting vessels in the plant; 
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second, the necessity of a florv for the trans- 
port of substances inducing gi-owth; alld 
third. tlie retention of these sil1)stances 
(even heyonil need) by or near the organs 
which are first induced to grow or  regen- 
erate. 

Sach a view is supported by the older 
experinleilts of the writel. on Tubularia. 
Tt~l iv lam'ais a hydroid consisting of a hol- 
low stcnl attached with stoloiis to n soljd 
substrate, usi~ally piles or rocks, and hear- 
ing a t  its free end a polyp. Only the re- 
gion behi~?d the hydrant and the tips of 
the stolons shorn growth, the cells in the 
s tmi  do not grow any more. TTTe can, how- 
ever, inilnce the cells in  any crow section 
of the slem to grow into a polyp if we cut 
off the rcst of thc stcm above or beneath it. 
IIow cdoes t l ~ i s  operation induce growth? 
The first idea might be that this is due to 
the wonrid: the wound, however, can only 
be the indirect cause, s i~lcc  nle perceive such 
an  outgrowth of polyps also from the tips 
of the uninjured stolons. 

I o1)served that when we cnt a piece nb 
from the s t ~ m  and if we suspend i t  in sea 
water, both ends a and b form polyps, bnt  
that the oral end form its polyps ronsidcr- 
ably more quiclrly than tlie aboral end ;and 
the difference in  time may be from one o r  
two weeks to one or two clays, according 
to the temperature and the spccies used for  
the experiment. We may, however, induce 
Ihc aboral cnd to form its polyps jnst as 
qlielily as i t  ~1'ou1(1 form a t  the oral encl iC 
rn7e pyevent the formation of the oral polyp 
by cutting off the oxygen supply a t  thir 
end. ITence the suppresciion of the forrna- 
tion of the oral polyp accelerates the forma- 
tion of tfie aboral polyp; and, conversely, 
tlie fornlation of the oral polyp retards the 
formation of the aboral polyp. This might 
a t  first appear to he explainable on the as- 
sun~pt ion that  only a limited amount of 
materi.11 for  polyp formation was preseilt 

in tlic stem, bat this asrrnlnption is rendered 
r~ntenable by tllc fact that  if we cut the 
atem into a number of pieces each piece will 
form t x o  polyps, the oral one always more 
quielily than tlie ahoral one. 'I'i-lis shows 
that the sten1 has material enough not for  
two, hut. if' necessary, fou a dozen polyps o r  
more. We understantl the facts, however, 
on the assilmptio~i that the matcrial neces- 
sary to inifuce tlie cells a t  the front edge 
to grow into a polyp collects first a t  this 
end and is hclcl here; and that  only later it 
can also yizlllcr at  the opposite end. This 
is almost the same assnrnption as that made 
to explain the phenomena in  Bryopliyllzrm. 
13nt in thc rase of Tubulnria the visible 
phenomena clirectly support; our assamp-
tion. I' noticed that the formation of a 
polyp is al~vayh prcceded by a ilense collee- 
tion of certain piqmentcd cells from the 
entoderin ~vhich are carried like the blood 
corpnsclcs of higher animals in the fluid 
hi-hich cireulat(~s through the stem. T h e ~ e  
red or yrllo~vish crlls altvay-s collect first a t  
the oral end of a piece cnt out from a stem 
of a T?ibzrlnv.ia, but if we mitltdraw the 
oxygen from this elid they collect a t  once 
a t  the aboral md. I mentioned that the 
tips of stolons may qrow out into polyps 
without n ~vouncl. WLienever this happens 
t l ~ r  formation of a polyp is prc.cected by a 
gathering of the red cells in  this tip. The 
clnrstion then arises: W h y  (lo these rcd cells 
gather fitbst a t  the oral end of a cut piece of 
the slern? I rim not in a position to give a 
t-lefinitc answer to this question. f sllspect 
that  phclnomcna of agglutination may play 
R r81e in this case. All I wanted to inclicate 
was the corineetio~l which exists belureen the 
transport of special material and the locali- 
zation ancl inclncement to growth.' 

9 T h ~ s eoltler obs~~va t ionsof the ~ r i t e r  rriay 

jmssib1,y ws:nne a greater significance in view of 

t11r v o ~ kof Jas. B. l l t l lphy (20ncer1i1i1qthe rdIe of 

Igmplroeyter in the p~e>entionof the growth of 
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I am inclinccl to see another confirmation 
of this interpretation in a well-known ob- 
servation of Morgan on the regeneration of 
Plana.i-inns. He fonnd that if a piece be 
cut from the body at  right angles to the 
longitudinal axis the head will form along 
the whole crxt eclge of the piece, while if a 
piece be cut out oblicluely a tiny head will 
form in the foremost corner of the cut edge. 
,Is I3ardcen suggested, this would find its 
explanation on the assumption that the head 
formation is induced by the collection of 
certain material which will collect along the 
whole front when the piece is cut out of the 
body at  right angles, while it is bound to 
collect in the foremost angle when the piece 
is cut out obliquely. 

VI 

When we summarize all the facts we may 
state that i t  may be inherent in each cell 
to grow and divide eternally under suitable 
conditions; and that TTe can understand 
this condition on the simple assnmption of 
the existence of synthetic ferments or syn- 
thetic mechanisms in each cell which are 
formed from the food taken up  by the cells. 
I n  reality, however. things clo not happen 
in this tray in multicellular organisms, and 
not even in their egg cells. The unfertil- 
ized egg can in most cases not grow even 
under the most favorable conditions and is 
doomed to die in spite of its potential im- 
mortality, uriless i t  is feriilized or treated 
with the methocls of artificical partheno- 
genesis. The condition of rest or growth 
dopellds in this case apparently upon the 
condition of the cortical layer of the egg 
and the alteration in the rate of oxidations 
connected with this condition. 

In  the body, cells may be at  rest or grow- 
ing, and tve do not know whether the condi- 
tions u~birli determine rest are identical with 

foreign cells in a body, to which reference Bas 
made in an earlier part of this paper. 

thore determiniug rest in the egg. We 
I\-now, however. that specific substances cir- 
culating in the blood can induce certain 
resting cells in the body to grow and that 
these substances differ apparently for dif- 
ferent types of cells. It nlay be that in the 
body substances antagonistic to these may 
enforce the inactivity of the cells. 

And finally we come to the conclusion 
that the cireulation in animals or the flow 
of substances in plants is an important 
factor in the phenomena of cell rest and cell 
growth, inasmuch as circulation or flow 
determine or influence the distribution of 
for~iied cells or non-formed elements which 
induce or influence growth. The phenom- 
ena of regeneration seem to find to a large 
extent their explanation in the fact that a 
wo~rndor mutilation leads to a gathering of 
fornzecl or non-formed elements in spots 
where without the mutilation they would 
or could not have collected. 
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ALASEA SOR17EPS AA7D IN17ESTIGSTIONS 

THE Uniteil States Geological Survey is 
ilispatehing 12 parties to ~Zlaslia to continue 
the systenlatic surveys and investigations that 
have beell i11 progress for the last eighteen 
years. Of these parties three will be sent to 
soutlieastern -4lnska. one into upper Chitina 
region, one to Port  Valdez; two mill work in 
the Turnagain Arm-li'nili- region; one mill 
make investigations in the Yukon-Tanana re- 
gion, and two in the Ruby-Kuslcokwim region. 
and another will traverse the little-known area 
lying between the Euby district and the Tan- 
ana River. One party will be ellgaged in gen-
eral investigations in diirerent parts of the 
Territory. These parties will sail from 
Seattle d ~ r i n g  Nay, so as to take full advan- 
tage of the field season. ill1 the men needed 
for the work have been engaged, and the pur-


