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Bio1ogy is the study of living orga.i s. TIl study

of the vital 1"unctions of these 0 . an1srns 1s p1Ws1ology.

The connon r.!ethod of stuct' 1s by observation. Observations

~ be made under natural or under experiment.a1 conditiona.

~ ~ eri ental cor.d1Uons ay mean 8. controlled environmen~

of an otherwise normal. vital : roc S8, or that 'the nature o-r

the vital process is altered in a controlled manner. Tran

plantation is one of the e ods of e rblent loyed 1n

the latter :fiel.d•

.en understa."lding of the cess of development. Is of

u at. ~. rt ce if the n ture of liv1n 0Iba'11 . 1s to

be co. rehended. J erha: s no function of the organis:.'l is

so cb acteristic of 1 fe os is ent. It.~ safely

be said that. rr:ere there is life there is deve~poentt and

where there 1s develo..ent there 1s life. art fIro psychical.

phenonena, nothing e .. resses so clearly the contrast. be't em

a 11ving 0 an1sm and a lifeless mechanism as the intricate

factol'-co nplexes conerened in devel.opment,.

The study o'f development may be d1vided into two probl

(I) fertilization and the stirtUlus to develop::ent, (2) the

process of develo !'l nt. l1e latter involves t.e various

Interreltltions COT!cerned in develo~ nt., their i\u ctions,

and the agene es U /on ihich they depend. There is puobably

no other branch of ioloc;y . ich leads one so directly to

,
f
1
1

1
- - ~



fundar.1ental questio. s conc rning the 11ving 0 ,ani ....

n eXj)eri.!"ients on an 0 mllSt"1 by :~h.rsica1 and che. cal.

methods, no l~esults cnn be secured except those \,'} •ch can

be measured in ter:'!lS of - . sics and Che.,~istry. If a really

biological ~etbod is use speci:tiea11y biological results

may be obtained. Some iologist.s believe that such resuJ.ts

must be explained v.1:tJ1 regard to the fI holeness of the

o BIlism. This type of e _lnnation Is referred to as

.' "organismic". The exper1.. ntal. analysis of development

provides an extension of the 1010 ~ ea1 ethod to a 1 . ted

degree. Py this a.naJysis a just. co rehension of the nature

of the organism can be att ted. Pure observation reveaJ.s

only the e ernals of the -cess, hile experimentation can

disclose \1hat forces are at /'Ork, a"".d t.~eir modes of action..

The Nrst. aim in experi.!!1entation is to anal. se and

reduce complicated ocesses to simple te 18. The ultimate

aim is to rcasse ble and Sjrnt."1esize the results obt.a1ned

to :form a coherent pattern of develo hent. This can only

be done by attac..ldng 'the .:any individual questions involved.

The process of develo~ment may be con idered under ~o

headings, (1) gro .'th, (2) differentiation. Gro"."th takes

place by cell proliferation, and by increase in the size of

ind-i vidual cells. "n.fferentiation is t:'!Uch nore co . lex.

In order to discuss t..".1s to.Jic, it is necessary to &Be

special terms aTld conci'.'pts, the eX'x'lanatio s of -1· ch are

- 2 -



given belov.

There are t -';0 divergent . '1S ot the . tur of de'\'lllop ·ent,.

According to the prefol!9istic tJ.eory, the development. of the

individual from the egg is a process of uni'olding ot rudiIr.ent.s t

as in t1 e opening of a fio er bu The eery of

~~7e1sL'1ann is a slight .. tOdific ti n of tr.is view. I..e believed

that the is a 1.'OSaiC 0 P ta, each o£ wt;ich \dll ve~o

into a ·"\redet.e~ ,ined part of the adult an e

epip'enetic view differs f\.tnda. ental1y:fro the above.

InteT;)1"et1ng this theory, develo ent is not a sl· le unfolding

but a real origination; aD. the parts develop f'ron be1:i ....· LUJ.l.s~

to end in continue1 correlation. rot ..CY is th po·...er

possessed b'J any ~art of the r;e to develop u."lder abnormal

conditi ns into r:-ore or different morphological l. s than

it would nom.a1ly. The con tion of potency is esp ci.a11y

important' tile e~)erinents to be descri de I f the

of the ce , does not )ossess this :;otJer, \Jill not deve:lop

under abnormal conditions into anyth':'ng ~re t.~ it normo1ly

does, it is said to be deterr:ined. I£ a p rt of the or,-~anism

1s labile (possesses potency) C aJ'}ffes may be induced in tJ1at

part by processes occurin in other pBrts. This induction

may be illustrated in' bolo .. the ..etbod of fo tion

of the lens of t le eye by tll(! inducing act.. cn 0 f tJ e 0 ·..,tic

- 3 -

cup on the extC'rn ectode:1. If' a : art \;~ch is laoile

beco' es ada ted to ne co ditions ~~d -es on ch-' act~ "tics
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.. ~ ch depenc P4 n ;.OS... tion r t ',er tl.an on origin, it 1s

said to ,..~';e Deen '. en a I.art is capable of

developing to 1ts predeteI"r.'ined destiny independent o£ any .

o ts de nnuence, it exhibits self"-1 f:"erentiat1on.

.1J:ansl2.J.i!n.1U11gn

In the ar.al:rtical investigation of development is 1s

often necessary to isolate 1ndivi ual ports 0 the ge~,., or

1~divi al tissues and 0 -ans, by removL tl en f'rom the:r

:1Y-: al po"'ition, and thus f';ro:-: the action 0 fact.ors to ·1ch

theJr are exposed in t.e eo,., ·lete organ sn. Furt.ber~ psrt of

one cerm r'l.BY be broug 1t in e zone of influence o~ anot.her

ge , and thus the interaction of t ~ livi is co ~)lexes may

be studied. In. ..i.Di;' such expcriI:leIlts the ;:;rocedure 1s that.

of' traYlSplantat1on. In certain cases explantat.ion, tissue

culture, ~ be nore ef'fective~ 1oyed. Of co s, in

the rocess of fertilization, tw living complexes interact.

The science of Cenetics is a statistical stu<\>~ of t.his

interaction. nO'wever, it 1s dif"fic It. to perfo experi: t.a

in the field of Genetics; the best at can bE' done is to

control he conditiona for normal. development.

Transplantation, or grafting, . eans the ertificia1

fusion of t\U'O organ! s, or the transference of sor~.e tissue

or organ to a di£f'erent position in the Ba'!.:e ~n - vidual,

or to any positi n in &'1ot.4er individual. -.part fi-oI:1 the

theoretical i. ortance of' transplantation, it has g at
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'd'ter tl~e opel"ation, the tad;.Jole was left in e oper~ting

dis , under a..11aeutLetic, ~or a! riod of about t ','0 hours in

o er to allow t1e gra...'4', to beco.e fi ',l attache

this tir!1e it \4'aS kept covered with a crystallizing dish to

_revent any desiccation. if'ter this period, the tad ~es

e transferred to individua1 :fineerbo\"ds of' treah Viater.

·~ost of tJ recaine consciousness within five minutes.

In the cases of Q fev ff1:1ch did not, it as thought advisable

to ap.1y artifici~ res, ir ion. This 'as done uj' f'o

..ater thro h the gills 'rl a i .. et unt.i1 breath! movements

started. j~esuscitaU n was i diately aceo j,l1shed in 811

but onc case. It ,;;as £'0 1".d necessary to cover the fino'p.'r'1,.

bo";1.s ,"dth .:;lass lates in order to prevent the ta olea

from j ~'ing out.

0110 'ri the o. eraticns, the tad.701es were examined

dail::t; later at ';eekly' interval.s. !'!'otes and sketches ere

r:ade of the size and 8ha. of the f'ts, and rart1eularly

of their nir>;!1elltation. _t i::a5 hoped that by -I' tching the

nature of D..."1Y ?igr~ent cl' ~ et it :ould be possible to gain

SO iC info1"'t1ntion regarding the specificit¥ of the grafted

tissue, and of the n~~ture of t e interaction between the

host and gora •

r.:.. e ,. oles we e fi ed in __ouin' s fluid, and preserved

in 70 l"" alco.101. ;"'istolo.::..,ical"- rcparat ons .ere de of'



- 10 -

t "elve repr serrtative t~"PCs. . ere it .{n .~ss:i. Ie, th

gmf"t was cut i two and a whol r-:-omlt pre! ared fro:'" tl e

posterior portion, anc. serial Beet-ions cut ;f'ror;l tJle terior

portion. ?he .ole, 'n'ts ere unted in 'clarite' unstaine

exce for Ii Sl:la1l residue of '. icric acid fro· the fixing

solution. The sections were stained in·'" 'D ~~etJJ¥l-Dlue

Eosin :nixture, and de6~ainedi!:' Dobell' s d:1fierent1a~

solution.

of the transplants are ho 1o!,last1c. total of

39 tad. -olea were Ok' rated on, of ..iell 10 ere used as donors,

or were other' se un i n Ie :for 0 oervation. t'\'f the ~

eJq rirnental ani, ~ls, 15 1i.-ere used for transplan tioD 0

skin, 7 were the ob· ect. of l~ ~b trans.. lantation, 4 of 11mb

excision., and 2 of eye tr plantation. J. e latter grou"'s

1e done in order to. :e quali tative investigation of

e relation t~'een ho-nDiotr'"' splants and host in hibian

larvae t a.."'1d in the .r r.e t ~at tJ ey i -ht ve son clue as to

the reaction ta...1dng place in t e ca e of e e;)ide ' a1 grafts.

The observations of the i . dual. es follo i.. The

tine elaused from o•. erat1on to 0 servati.:n is iven in

'nt~ ..;ber 0 days'. J 11 the sketches, unless other. se stat d

are t\-lice natl al. size.
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Case :" 1.

7hi.s ~.la1 \:ae found desiccated on the table 2 days

af'ter the a erat1on, and therefore served r 0 purpose exce t to

instigate precauti',ns (glass plates over fingerbowla) against.

a 6i !iler fate for the othf:Ts.

Case '1 2.

rrhi s s sed as a nor for I.. 1.

Case .~ 3.

A square of skin ~"aS cut fro. the r tit ddle region

of the back and replaced vl1 t.h skin from the vent-raJ. oide

of tad,t,dle -7 4.

1 dtv - eraft. eDu..blis ed, tadpole recovere

7 days - gran. pulling up in t e center, slight p1L~ntation

around the . .. n.

1" tUwS - graft bunched in the center, and \\'Ound area

filled in by scar t1 ssue.

20 CWys - gra Q. tt ver-t little pi nted. SketcheO.

Z7 s - dead, preserved,

not sect.ioned.

20 ~s.

> i
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band of

V.I.\"OlIg...-,

t.hl"OuIl!l10ut the

Sketcled.

46 Cays - 11 tie C! a."1ge, sor"e rem-ra."'1ge:nent of t

large lack .01.· s continuous from gr f't

to lost; there are re definite black s eke throughout

the af't area. S~'et •

3Q dnys - S.' • e of n:ft. is be rrling:jre "s ~ie1 - li--e".

ween p" .•. ant (11 c ~ e) _8 a~)pe ing <i~Gt . tl-in

of the , aft. The p • nt. aggreg tions have changed

shape, and t 1JO of them are continuous fro the host to an.

area. The :'1 . :ant in the ho 61. ubout the gran. area is not

as dense as else ihcre, and there .18 so indication of

radial arra."rlge .• t ot" ~igrnent ."IOts· the bost area about

.e graft. Sl:ete'hed.

~ ~s - eneral conditiona are \mebane

greenioh pi ::tent about t e border 81 htJ.y

spee1:.s of' green and of black pi t.

46 ., . s
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82 days - dead, fixed, thole mount and sections i-re l.

'I'11e whole u::lunt sho:ls less p. :;' ent in the a.l.- are t in

I
I
I

II€.
d \l~

ere is a eo lderable

l\IS

graf't area host area

A ~"Pical sect..ion, X 280.

Case r 6.

• piece of skin was cut. fro· le d·an 1 ne of e ba

'the ventral sidenear t.e tail, t4"1d replaced b

of tadpole ~r 4.

1 da..v - eran. este'1blis ed, a roll of hoat tissue bmched

at t'l a anterior ee of." the

7 days .. so ,e scattered p; ..ent s. ts.

16 ('~s -

lX>stcrior.

k .....i" .. nt areas at tJ1e ant.erior and tl e
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ly scattered greenish p1gr.Jent s~· .... ts,

no real.J.y black 3?ots except

at the very anter or and posterior.

et.ehe

eserved,23 days - dead,

not se<:Uone

2J ~s-

Case ~ 7.

This aninal was used as a donor for tadpoles '; 8, 9,

10, lit and 12.

case f 8.

strip of sldn wa£ cut from the le:rt. side of the t.a11

near the base, and r cad r.I.th a strip of ventral in f'rom

blood vessel ~ cut accidenta.lly.tadpole ., 7.

l~- a:f't es ~ 11shed t st uell.

7 m:ws - graft pLTlldsh, sor:e black I i.ent t the

posterior.

days - ai't slightly red, little piu tent.

16 s - tr.ree 1 e black P ent te.rN':r-.....&ations, two

of" t!le8 continuous L to e .U>Dt skinj atill n n sh

.e areas. tc ed•
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~

I
26 &lys - shape of graft. bas becon:e much. re irr 'Ulari

pink colot~r ~ as all ["one; one v ry 'black s:)ot, 60:'1e eenish

streaks, so.. c radia.1 arranse .. nt of "1. ent L~ the host. a1::.-out

the graft. Sketche

16 days

35 days - only three eenish streaks 1eft; t~ 1 e

bla ~ pi . nt ggrecations, c. of ~hich is cc,ntinued into

h~st tissue; mU!lerOU8 ycCko of : ig:::'lent, neatly 18 .... . ,

ation, another Sf"1..aJ.ler o ...e co _ . lUaUS \7it.b t e

numerous s::lBJ.l b1..ack :.:;ig!_ nt specks, e ecially alo~ .e

all the t;rren streaks ""e b ne; one large black p tent. aggr -

bas ecom still more i~~P'lllar;ape 0 gr42 days -

dorsal rnarrrin. .:Jketched.

5 vs '42 s
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s stie, Jle

ell: ju t

ntra:l. s1

-r..l:J.

aecU n . 280.t;; _1e

I

ost «'..rea --- - - --)J~ - --
I

I
I hll:lt "(,\1,1" c\e..

Iho;\ sk,,,,

1 "

ane -:: S.

• U:1t und scctio.

~ 1 ce of s'-:in illS taken _

the 1ef't Er e, m

o tu 'Ole H 7.

0 ... 't q-ite re

s- three red we sJ one bln.ck p ent :t to. and

t-ft. <'l'etc· (on _xt e).

~3 s- ·~en t ~~erv not secU



" sq are of skin ".as ,t f'rom the left side of the

16 days - so~e areas of' greenish pigrnent, and three

sr.,all black spots; all of t.l1ese are well a lay !'ron the

blood vesselventra1 s "in of '. 7~

p' ~,ent tion scarcely noticable, SOI:le pink-

.... .....

12 d~"s

e of' t.e

16 d.GWs.
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in the tail was accidentally c t.

1 day - . aft well established.

e

tail, and rep1aced

/n 0 ening \-aB aecidenteJJy eut. into the boqy cavity

durine the operction. The anir...al died " thin a da;1, discarded,

not :- res rved.

ish area.

Case , 10.

Cane '" 11.

26 dnys - all . '. gone, en and black as c~ an e

co idcrrnly; o.a aUon s contL."nloue



42 ~s6 days16 dt:.ws

- -
from host into graft. Sketc~

35" s - gr t very llgbt. coloured, four 8 .ota a.Tld a.

fe'il speCks of black, and a ~e of green. etc

42 days - all en tor small ~tionst

a."ld n .arous small specks of black; 'the long:!.t.udinaJ. ax1

of the gra1"t has beeo. sorter. Ske'tched.

65 da\Ys - dead, L r served, not. sectioned.
·1

1
- t

!

piece of sk n was l' ved from the ri .t side of e

t.ai1., _d replaced ·-lith skin from the lroat of . 7.

1. day - graft well establis.,ed, a ood tran . lantation.

7 ~s - a small amount 0 ... green p . ent.

12 ~s - S Ie pinkish areas in the Q.l..ett; it B?Pears

so~ew~nt like tL Dei~.bo'"l tai1 skin.

10 ('~s - p Ilk a..-eas still _resent, t ~o lack >..igrJent

eg~tions, and sc.~ttered ,. eas of een and black p ment
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s~,ecks; it ble s fairly VJ 11 ~i.th the BUrro n ost skin.

16 ~s

In considering this it 4:>w:rt, be

rec.bered, ho',.ev r, that e

aft, tissue was fro the

t.hroat, an hence possessed

core plgcent than ordiDa1¥

ventral skin, before it

traTlS;)lant

25 dJVs - dead, )reserved, but not sectione

Case '} 13.

This is the reciprocal operation to all 'the o· r skin

transplnn't3tioDS. A piece of v nt.ral 6.:in \i success::f'ully

removed just steriol"'-ventral to the branchial o!"ening, and

was replaced witb dorsal skin~ tadpole !j 14. 'The results

in this case are more 1m ortant than those of any other

single ease.

1 ~r - graft ears li:e a Be since it is t.hi er

and darker ~1an ~e surroundi~ sJr.i.n.

5 d~ s - graft has lost SOL'fe of its green colour, and

hence is more b:-o\'.'Il tJum no a1 dorsal sk.in; the ammmt of

black J;i ent seel to be nornal.. The grm:"'t is in a difficult

position to observe, since it is alnlOst L.Cossible to keep

t.he taLTX>Ie on its ck ,':'tho t anaesthetizi it.

9 ~vs - t e t- d: Ie tIna anaestJ etized in 0 er to r:.ake

more c efUl obser~< ions. graft is a s de lighter
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280 -
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one 1s illustrated. Ie r.ot.L'1t. shows the de""...BrCa.ti.on

ct leen tile ost an ~~; e di:'ference bet..leen host

t.issue and gr n:. tissue is obvious t ..en the le m.:>unt.

1s studies er tJ e crosco ; t; e contains 1·

erable lack p •. nt, while the stIrrounding host. 'tissue

co I U none; 1n e graft there are large. d11:1\lse t

1 lar ;,atches 0 ... a brownish black a? nDCe; mat. 0

the colour 0"" "le [;raJ: area 1s e to 8 bs ce

nll be iscussed l.ater.

t. icnl sect·on, .. 2PC.
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Case . 1.11.

Lnis cmi::;ul ~as uned as <oTIor for ta }X>les ;t 13, 15,

17, 1 , and 19.

en'- 15.

_ square of skin was cut. fro. e r ·ht side of 'the

tail, a~'\d r .1 ced "th s in fro tr.e ventral. side of #: 14­

1 d1iy - ["raft 81 .1tly ,; "nk1.ed at t1 e laces along

border.

5 ys - the ex- is .. t oth, en1sh pigment. is

appearing alo the dorsal side, ere is a " nk in the t.a11.

9 d.a¥s - T1 re are e . rotrusions along the bord

whi ch ve become red; gre n and black· ent. specks are

?e-r> ':np along the dorsal side. ~etche

19 days - t re irregu1.ar in aha: e;

t ~e red nreas e gone, blac.l( and nt. atoDg e

dorsal. border 13 breal'i u. into tc.. es. ...... :et,~;; .....-
28 d s - era... laS beco' estill r.: ore irr in shape,

and t ....e ed{ .es ""1Ore rounrled; :'!ree all hI< ck . ig.. nt spots

aurI'm nded by green !10\"1 ap: e- in t.Le enter; r:any black

s:Jecko !Ie do nnJ.. edtre. Sketch d.

35 { :vs - S of ~::ruft, still :-:-:ore irre larj re

black pirrr. nt spots ruXl a~'ec!~s scuttered '~o ~... out the

aft.

9 nys - (e (., ed, not secti~ne~



35 days28s19

natural size.

Case !J 16.

?his ani a1 ros not o;:>erated on. It;as noticed that.

the left eye as a par tly ss1ng, and the animal. kept.

in order to invest ate. -n

e place re t ~e:rt eye

s.,'wld r.-av~ been, there 's

only a tran arent circular

ea in the skin through trl.ch

optie cavit'J could be seen,

but no eye "as visr lee T

c# vity ~'aS pinkish. Gke~'1e 'I

The tad! Ie \ as ~ater t'ixed

m.d sectione The secti·ns
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showed that the left e e was not ,issinc, It, ratJ er h

dew

. the ri ht side of e

section through t.A s1 1

e section illustrated, the 0 ie cuasma

\" ell establ~ shed, very umoot.

n

d posterior eqges.

l'i. _"ieee of s 'in \ClaB re20ve

1

,:,ole !i 1"·.

idbrain sho\'ls hypoplasia of the right side.

jot('orh;ed ,hllpool sio. cf Otltc. chi Sm-
I Lt'~. 1\ J

Section tl

5 d va - a sn'.all b d of pi ~ent is anA ar' a:lo~,.: the

is unequn1.J.s develope

atro ""lhied. r;he seetl0 S el1ustrate ver"J Fell ie ef..:'ect

of' undevelo:-,ed org na on the central nervous system. '.i"his

scale. These results are include 'because tl: 'Y illustrate

in an . nter-esting way the relations bet :een 0 ana and

nervous system.

1s s1 i1ar to the e:r ect of ~::.-P+ed orgnns that are out. of

ta 1, 300 re, laced with a ;;ieee .1!'O_ the ventral side of

Csse -! 17.

anterior
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at

iderable

a.:ft ~ a.·,Jeorc

ad con'ta"

12 days - so .e bunc of the

ost rior, and tl1e fold thus fo

black . 1 .. ent. Sket.cl.led.

19 do;ys - the posterior portion of t e has become

uite brown; pigt1ent at e anterior has dispersed. Sket.c.h

28 da¥s - t.,"'1ere oeems to be less black p1gment in the

b vm portion at the i sterlor of the gra...+'t, several large

black .,ationn e a_ pearad in t tissue

just all-wrior to graf't. ~etched.

35 dnys - very littie c ed, but core ;-,igment,

t lroug.. Gut. the gre.f't. area; t.~ . igment in the hoat. t.issue

j st aTlterior to the gra:f't has b . read out aJ.ong t

anterior ~ gin of the gr •

12 days

51 OOys - dad,

19 "./s

eserve

23 days

not seeti0ne •

35 dayu

.a.se " 1< •

,\ ~ieca of' ~l~in \1OB re'lOved f"ro e left side of'

ta 1 an replace \.; t 1 sldn 1"ro the ventr sic':c 0'£ ta.d;..ole
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s35s281 day's

'. 14. The area iron \7~ ch the graft. :00 taken nc1uded the

posterior t1.roat ion.

1 day - graft ell ea b1ished. no ne' pi ~nt.

5 daya - a1" ght. inldsh tinge, no p . ent.

12 "S - !dscllaneous speck of p' ; a large

yellow t .. down the ddle; t,..'.'O la .. streaks, one of ~hich

is continuous fro A ~ost to rrm ; so _e p_nkish Sketche

l~ da.vs - pink colour ~o_ e; so pi nt appearing ne

the anterior border; the yell.o. :" is even rore evident.

,ketched.

28 days - the yellow ft has beeo.; faint and greenish;

.le bunchi t the ant rior ventral corner, the fold thus

fo oj ed cor taini ch black . nt; a greater number of

nt ec.·s !lout tl.e ft. ""'ea, nd a n.arro band

of t t.1 e sterior. I'""ketehe

35 days - a f'i e s ·eck1.i 0 of i nt al.l. over, d th

a f VI dnor ..:,gr' Lti us at - tenor and ::oster1or;

fold at t e a..l1terior has disappeare ; the greenis yello

t'Y n is ~. re evident Bbain. ~ketel ed.
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< •

at of ' 14.'

Sket .ed.

m the left side of the tailA ieee of skin

5 days - graft has beco, uneven at the anterior end; -

1 &v - gra--Pt • S \7eJ.l established, a good tra.TJSplan ation."-',"

J

I
I

£'raft. a- - :.. - - - - ~ I <.host are

Typical s-ecU n X 280 I

6 days - dead, fixed, sections and ole ount prep e

The sections show that layer of muscle \'las transplanted 'wit.h

the skin. / \... ost E'F,J ,) \IS h t\· nc.c..A t ~\' c..

/ -- 9 ltft sf-Ie,

12 ~6 - graf't so e\'ih. t. curled unde.r at t.he degas;

so e new pigment in the anterior tllird; a large brorn s_::ot

Case #: 19.

near the anterior ~~.....

removed 8...'rld rer>laced •th skin from the to

"

19 days - the om Slx>t is not so dark, streaks of

greem.a pig;-"ent rr.diate 1 steriorly fro!:'] it; a specld.ing

°.,

of blnck , ig . ent t. . .hont the 1 j
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28 d s - considers. le brown and een " ent. in tl!e

anterior half" of &Tni't area; blac_' s~)ecks tr.tra . "ho t. etched.

35 de\{s - coYlsiderable blac, an-d bro\.'n _~..ent. in tl1e

35 days

nd considerable

21, 22., 23, 24,

•

donor for

foId ; t.he 10 i tuM

sterior e<~

covered from the a..'"laest.hetic.

e

'.L'hi.s unU!Ull was used as

48 days - det:=.d,.J served, not sect.ioned.

12 ~s

rea vID ere the s. at ';as, but no rer:u.lar arrange;:".eIIt; an in-

folding o~ the graft at

25, 26, a.~:1d 27.

of the > aft haa shortened. Sketche

Case ~ 21.

This tadpole never

Case .~ 20.

black: pier nt in tl1e result:t

artificial resriro.tion did not revive; Cizcar ed, did not

,
,
"
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ugh the

J ,

33 c"la¥s

in out.side

of the gra£t;

de in the

26 d s

•

ventral skin of #- 20.

e ventral. cargin, an so

feh ere

en and l'"Oml seattered

17 days

aft. .!" inkish, a fe'3 s::naJ.l ot.a of lanin,

cke of creen. Sket~:u.

3 days - t.vro cut.s

1 day - graf't well establi

10 days

center. Sketch

17 days - pinldnhness go ; b1.nck cuts in t.he host. n

A picc· of skin was remve4:from ~ell cJ!.nm tl e left side

ventral rgin; so.e

10 cUvs ­

and scattered

considerable ~elan1n a1.o.

se~ttered throug out. the

~~ ~s - considerable green and brown piern ; 0

e ation of' blacK at the ;,osterior dorsal earner;

no obvious r~a.aon for ~"1e a.~e nt of the pigrllmt. Sket.ched.

33 dE.\Ys - black specks all over. espec1~ aJ.ong the

of the graft area ow up b1a

C e!J 22.

of the tail a r1 re~ -ced wi

. ch less mst net; a green streak the 1e

"

\

..



ea

host. area-----l~

Typical section X 280.
10st cJ"ca

- 31 -

80 dc:rJs - killed by :fixing, prepared d101e \0 and

sect_ons. ':'he 6ecti~ns s, 0 t1 tbat nuscle .m.B traIl 1anted

~1.th t:e e idprr.lia and d ... s. The illustration of the

whole mount, prepared viith a c ra lucida, sho s clearly

t,.."1e difference betTreen host. tissue and aft. tissue. The

nondescri broumsh asses are aJ.so very evident, smnU

portions f 'h extending a short distance into the host

t So e.

, /



streak is

pinkish, 0t.h 80 e red areas;

etched.

an, eatabl she

26 1~S - aJ.l . inl' ne; irregular bro'fil and black

nt a.i!rnn~ed in streaks and spe cs; one bl

i dBy-

10 days - the whole

17 dnys - still three red t8j so....e bra :n and black

3 ~s - graf"t red around 'the edges.

- 32 -

° ,l ~nt at the dorsal and ventral. ne.

continuous fro.,. host to i-:raft and back to host.. Skete d.

33 days - two black areas near the ventral edge; black

specks throu nout, so. e roml colo'. Sketched.

a little durk pi >. nt has ap~eared in n small fold on tbe

ni ,

patch of skin ·ras re::lOved:fro t!le left side of t.he

°1 near the bE.tse, and re l.need with sl'in from t ventral

side of' tadpole ,1 20.

ventral m.~dn.

C l":!e 23.

10 days 17 days 25 days 33 d s

95 s - e d, pres .rved, not sectione

\
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spot

nt 1s along

1d.nk in t

etched a dorsal

ter10r border with green

along the anterior border. ~~ etched.

noun d ; ale reddish-bra

17 days - ost of pink colour gone;

A patch of skin reJR>ved fro the left. s' de of t' e tail.,

d replaced ·rlth a ;?iece fro the ventra1 side of tad 1e

1. day - gran. est.ablishe

3 dsys - a small BmoUIIt of l.oose host. skin at the

..terior e~ere.

10 days - loose skin ODeJ. any pink s t.s; 8 kink 1n

t. e anter! r . roer. St:etche

streaks r.,.diati. froo it; . st 0 the black pi

tail.; pi.

has appeared in the center of th

tail has become very

Case: 24.

vie to she:J kink in _e tail.

10 days 17 days 17 s
dorsa1 vie 'I



and

. ent.•

ed.

CO.,~ brown; scatt.ered black

e dense ig!nent area

sterior rei;! n also.

33 &\ys -

- 34 -

49 cl\Ys - dead, served, not. sectione

2G <IDyS - considPrable black, brown S-Tld Teen • igl' nt

at tile anterior; tl:e reddis bro\'JIl spot has becorae hI ,

spec' in the

and the green streaks bav

slit 1aS cut. in the right _'T'>u'T'> and the len. hind leg

of tad Ie ~ 20 was inserted.

1 day - grnf't 10 .ell established.

the i ,ent, has beeo. te more dispersed; less green

....ket ad.

,Q'tJ!eI: .tr!!-'1S lnn't2tj,ons

Case: 25.

I
r

t

3 dDys - graf"'t and _10st a pear n~r:!l.a1.

appears to be 10 ins its specific shape; there is a;. i meation
.....J

10 Cia; s - ".e aft has ac uired so e .link ots
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•

d the

nt

31 days

bus b come : eked

ch reduced in

..

still more general-

; p

e

Sketch

rotat.ed 900 fro its orib nal

24 "s

aft has beco

af't has beco

10 ~vs

24 dnys - pink colour all gone; gr

31 ~s -

ized; tbe igrnent atgregations of the host about tl'.te gra..~

of radial orra~ " nt of 4,· !ent in the area about t.h gr

Sketched.

nur.:lbers, but increased in size and'length, tr~e long axes

being dire ed to\iard the '

have taken on a very definite radial arrangement to

with pigment.; aha; e of

gra:. t, and seem to be less numerous al'xm't the graf't than

elsemere. Sketc..1.ed.

position, otheI"\Jise much the same s..~

1n 'tJ..~e host tissue sro d the grai't

49 days - dead, ~renerved, not section

... Cu e :IJ 26.

~ • slOt ~;as cut in the r_[{:lt d le t hind

leg of ta :'ole ,. ro i aened.
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1 - ; h, at rests on its . ht •
3 days - iTL:.fi had turne - red, especially at the ~ e.

10 clay's - gra='t has l.o"'t all its s/ecific aha: •, e

anterior. onion is pi ,and, e ,.,osterior ht. red;

the at.tachcent to tr...e 'host has shif'ted 'to t.h center;

bost has regained its equilibrium end seems to be ell;

ea of red remains. .;>ket e

e.~ent a..~d pallcit r of ~ M:le1lt B-m~gations ment10 d

ch re c cd in size; on:l¥

e gr t exhibits the radial

ketche

24 days - the gra is

area of the 'host about.

in other cases.

eed in

31 days

of th host. Sketched.

at»t region; t1 gruft 1

re r:',.()und in th . ight

10 days

.._ nt in the

31 days - ::l.11 the red is eone, and the..~ i consideralll

~ze to

bl

37 days - ead, es ed, not sect.io::lea.
.
- .~

Case 'f 27.

711 , :lS vd d t3.e '.0 1 d 0 red

th piece 0'" skin fro. e throat of ,.If 20.



a

sect10

31 day

e graf't.ed s n

limb bud above the

bud. c etched.

ht rl ~ and"Cle - ht leg of

eeome red; no other c' aJ e.

b bud.

l~

.;. -4e structure that was•

n ., ~.... -

;.:) etche

10 days

C, lS - r;ra:ft --as eCO'"'le qu· te p 11k; there is _0

alit. \i.:as cut in the

1 day - J ft and bost are no~.!al.

- ::rl -

31 &\va - tb.ere a~~pears to be a n

10 da:fs - rrraf't ink and beeo ..ing smaller.

24 dl:\YS - a11 that can e seen is a s:nall 1

3 days - ~ e graft

1 ~ - . aft, in place, _oat well.

Lack tip; possibly a n

tadpole .~ 27 \las inserted.

33 days - dead, ~ixed, and seetione

Case ;. 28.

a sr.'.all but definite

old scar which s ble

rolled into a > 1

be a limb 'tud after 24 ~"8 om probably

lack p ITt i t 1(~ host sk -n ~diatel,- rro ndi the

N:,.



31 dayss

n t e . ht ..~ and 'the left hind leg

L erted.

and lost norr.18.1.

10 days

66 ~s - tadpole found dead on table in oorning;

desicc!"lted, therefore disca'M~~d-

- -

Case;; 30.

slit was c

of tadf ::'13 ';'

1

Cuse if 29.

This tad;x>le VIas used as donor for! 30, 31, 33, 35.

36, 37, 38, 39.

10 days - graft sti11 pinki.sh; no 1a ig-~ent g-

at10ns v··ry ear to :rt; no ;'i lent in the gr.o; t."t. S~cet.che

24 days - graft. a.1l.ost c ~)letely resor d; t;le f

pig..ent egati DS that are present in the surroundi~ host.

skin nre radia11y a.'T'Tanged toward the w..~ area· 'the host.

skin appears to have overgro In the graft. Sketch

31. da~rs - conditions verj litt.le e11& ged from 'the

preceedin. 3ketche



, 1

31 days

'that i't1s out-

J

24 days10 days

10 days - tl1cre is a large ro nd pink ,,:elling at the

A slit· s cut betvleen the e~ es aTJ:d t I.e ri ht hind

54 days - dead, _eserved, not sect..ione

31 days - the ., a..~ is reduced to a Itmpt

3 days - ;)

- 39 -

eo1our as the s'rrounding hoat s~1nt exce

lined in black. SketclUld.

10 days - !,oint of at'tacbr"....ent has s:lif"t.ed to the . ddl.e

of the gra:rt; the graft is red and has one black pigment.

G~"'"eak nea2 the point of att.ac ent; the specific shape of

the graf't it only slightly modified. Sketched.

24 days - graft is much reduced in size; only one band

of re 1ef't; gra:rt ·;uch the same co1otL'r as the surrounding

host skin, exce;Jt that ~ere is Iittle black pig:nent. Cketched.

3 d<..qs - t· ai't .'e ~ est.':iblishe

Case • 31.

leg of i! 29 inoerted.

1 d~" - ...... aft illJd ll.Ost, normal.
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point of insertion; the rest of t]1C graft ia also inkish;

otherv:i3e norc:a1. ~~etche

tha

observed,

beneath is beco .

over t e gr t f'ro all

ne - 1t never was v "1'"J" obvious

~eation of radial arr

is no

~en and black ~i . nt has appeare

50 days - all t V3t can be seen is a

...1 days - host skin

t';"'!inal i~ent S}..Qt. Sketched.

s1 . St and at the s~e ti..e tel

173 days - there i 8 still a very s11-;ht IU!:ip v.1.t.h a

pi~ent

even smaller. Sketch

in this case.

body t just behind the spiracle; no adverse e:ffect.

on t. tadpole.

24 deys - grai't yery . uc resorbed; 811 reddishness

black 1..'igr.":ent spot; all

li3 d~a - tadpole accidentally sucked into cleaning

hoatJ. This caused a eircu.lar bruise l100ut the mid e of the

go..e; consideralb

Sketched•

10 days 24 days 31 s 173 d '5
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t in the left rump and the le:ft hind leg

:as .nserted.

1 day - graft. ~1B.S

3 days - graf't bas re ced n size to just a stump.

10 days -just. a small. round red bud left.. otrudiDgt

and the surronnding bost. skin 1s growing over this. Sketched.

24 days - graft is just Rslight. lump under the host.

skin; the host skin is v"-ry black above the lump; the pigment,

about. t.c~e 11 ) ex: "iblt.s a distinct dial. arrang. m.
Sketched.

31 da~rs - the lump has beeo even 808] ler, and

0'£ the dense blaclmess has one, but. the r~dial arrangement.

of the surrounding p~ent c:tions rsista. ketche

Cane .(1 32.

alit was

of tadpole (I 33

-'

10 days 24 days 31 '8

119 days, dead served, not sE?ctione

Case 'f .. .
T1 e left. .:ind leg v.as re. ved aTld the ...louna area covered

with ventral s!'"..in from dJ. le '! 29.
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1 d1:q - graft. and host. appear no ,al.

3 days - nf't has been lost, but e wound .d host

se to be fine.

10 ~s - round 'ell healed, even a s estian of a

new bud forcing. ketched.

24 da;ys - the ne l 1id>b d can definitely be identif"ied.

Sketched.

31 days - conditions si ilar; liI:1b bud larger.

,

32 days - dead, pres€h-ved, not seetione

10 s 31 da;(s
1
1.- ~

--

Case - 34.

Po. alit wa.s ct.~ in the 60rsal skin between the eyes, and

the l.eft. hind leg of tad Ie !.'. 35 ins6rte

1 clay - graft and ~ost norma1.

3 days - aft has beco::e quite red, otherwise unchanged.

10 days - t;r- t veJ"Y !:luch ~'Ollen and red in a fa"

regiono; it still retai s its specific 3ilat e. '·etci..e

24 3 - t1.a lelllng has dis peared, aG' at o-e



considerably

Sket.e ..

skin of the host exhibit.s

1an1n

etc~ed.

ts 8?ee1fi.c 'form; it. has beco

of insertion.

~led wi t.h 1ack pi cnt. ; ••e

dayo - gr~~considerably diminished in size, and

the red colo ~r; the <.:> nft is s1ightly decreased in size;

there is n ridc~e of: very dar:tJy pignented skin at the 1nt

radial arrang~ent of . 19Ment, also the black ridg at the

poi

of insertion, the surroundi

t11e rndia.l ar:-lmt'"!e~ent o'f

has loSt t.1Ueh 0

10 ~s- 31 days

42 days - dead, 'xed, s ctione Th sections sho that

the limb is cO:1pletely covered b:r t.1-le host ep! e 001.

t.he host dermis has not ; et . ace ss in this regar

in fact it. shows def'init·e signs of disinte etlan in 'the

region where i* is over1ain '.I the necrotic graf't tissue.

The cart ·1P..qc elertents of t.~e grafied lee

and 3how little sign of d"isinteeration; t.he rect o~ the

~t tissu .as lost

pi nted S!

st of its s. cifie n;.tt ra. The ri

at the J ~oi!lt of inserti n is also
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ev1 ent on the

A ~~iea1 section.

Case # 35.

The left i d le.g uas axei sed arlO the wound covered

clth a piece of va ral s.\:-in _ tad"OIe ..:. 29.

1 day - de

Case ;'. 36.

,

A Gli t y:as cut in the Ie!' side of the tail, il.Ild the

left hind leg of Ii 37 w~s i~1.serted. . little piece of ventral

skin frro!:1 ;<t 29 was used to cov·r t..~e \'lour..·

1 day - gra:fts a.."'1d host norma1.

e ed Ii'" b nas becone re

10 c vs - tHe pr·.i'ted leg s so~~e\,bat a lOllen v ry

red; the . f'te sk n is un laJ"9"e
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. ft.ed lir;'ID f:lUch reduced;

igment 'i.n both leg and s' in.

r ft.ed skin

ketcled.

1 red s~--ots on leg; so. blackesonevihvt reduced;

31 dl\Ys24 days'. s

is unchanged. S :::etche

31 days - a pink ring has a,'peared about a black pigment

aggregation on the grafted 1i b; limb is still uUler, skin

65 days - dead, _ eserve , not secti ~ned.

Case !:! 37.

n

-j
I
J
1

e \' ound coveredThe left bind leg was excised, and

with ventral skin f'ro!J1 tnd:x>le' 29.

1 ~ - graft ru: ho at no -l8.1.

3 days - has lost ~ aft, but is healtqy.

7 an:. s - . cc':'c' llUll y sucked into cleaniJj osee The

suction Clinsed t e , t to co . out ti'.roue! t e ',YOUTh1; discarded.



12 ~s
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31 days



,
~.
\
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77 days - eead, fixe~, and whole. nt and sect!

es ured. It is di:fi'icult.·~ shoW' anything very definite

from either of these.

Case .... 39.

cle black; the p . nt J"'C?t--'K1'a!':tions in 'Ule surrounding

e1 evation under the skin. The radial arrangenent and

A slit was cut in the cloraal skin between t.l1e eyes,

ketched.

arrangement.

rt optic nerve

clear black, and

slightly modifi d

int of' eeting of the two over-

egations is very e ':'dent.

~.vvle F 29 i th a

ere is a darl" black pi :ent streak and a slight

aft, and at the

8 days - the grafted eye has b·~'\T""C

31 days - t.e host skin rJ.8.S co.npletely healed over

1 'Ja¥ - host and gra:ft are e1l; the pupil of the

,,"'at'ted eye has a nisty apl_earance.

atta d~d 'las inserte

,7 days - dad, f'lxed, neeti 'Jned. Th sections GOOW

in sho tbe characteristic pheno ens 0"* radi

and paucity. Sketched.

24 days - condit.! s are

the above. Sketched.

and the left eye of

paucity of pi .. nt

the

t.ile skin of th host is gram . over it :from the 8 des.
\

12 days - only a slit. of the grafied e es sho .. 1t is

grovrtbs,

t both e epide .is and . e der!nis of ... Le st have



1
1
J
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ov',o,.O"'I'Oln'ten theer , &Tld both exhibit a ter iclrness

at t e point 'J ere t e:r have grov:n together from t1 e tw

,
I

. ant f'roo t.he retinal

et10n

e is ~ -ell reduced in si~e duea:f'te

days 24 s 31 day

-rh,c.le.y,("j de., 1$ "0- er,de:rYnIS ]- - - -l'l":a t ~e.

sides. The

to resorbtion, and is ~ull o~

an oth r dark disint

t~rpica.l seetion.



1
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,-

The ~;receding observations do not at once J.ead to

any obVious conclusions. The results a p at" to be inconsis­

tent.. It is difficult t.o follo eny definit.e pattern of

interaction b~veen t.he host, and g:re.ft. All the gra:rts

gained "lOme addition 1 pigt!lEmta'tion, yet, DOne gained enough

to 100.- like the \1UrI"Ounding host. e. id-ermis. l';"1thin 'f, ~

hours after the operation, t.h adjacent. cut. e ea of the

of tile tuo e;. 1 thelia; yet at. the l.in of junet.1on, 'there

ras a sharp dez:llirCation be '-een the two.

T"uis sharp demarcat.ion 1s due in many cases to an excess

of bat appears to be ':"1 ent in the region o:f the rrargin

the grnf't re on ap arB as l.arge dens 8mlrElf!.-aUona -or large

pl:\YslcaJ. eont.lnui1\Ye'''id rmis became joined. end ther

of the gr ~t. In

spots. t-.ben these spots were situa:t.ed near the margin J t.'hey

ard to the center o-f

the grat't,- see eSjiQcially cases ., , p ae 12; ;1 8, age 16;

.'! 11, p. e 191 ' lB, page 27; :1 19. page 29; and !I 22. page 30.

In add 'tiOD, the host skin for a distance of several I!Jl11imeters

..

fro the e of the gr presented a striking characterisUc

appeera.~ce due to the ra" a1 arra:ngeJ -nt. or a11gD'!1ent of the

lOllb xes of t:! e eloI".f:ated epidermal ..-i .ieIl't :. ecaUons.

In such cases, .c nurr])er of :-,i&~nt. s; ts; er unit. area

JUS less in the reI: ion immediately surrounding the grai't,-



- 51 -

norrral metaboli '" it. could beco:-~!e a ed to its ne lvi:r-

on-lent by act!vely acquiring the char-riC eristics of the

S uTounding ost tissue. Helanop.. res bt be induced in

the graf't, e1ther ry the underlying host tissue. or by di ­

usion of inauciIlg substances froo the hoat tissue situated

around the graf't.. n the former case, the p nt. wuld

arise ev~ distributed in the graf't. area, in the lat.ter

case it. would arise first near the a-f't,-host boundary d

.'IOuld appear progressively nearer to the center til 'Ule

!Thole area was cover

In the e ·eriments described, nothing 'as observed to

indicate . at the gra..+'t carried on active c-~taboliand

e~e ada1 ted to 1ts environ~~ent 1J. actively acquiring

the chara teristics of eitl.ler the underl or the surr-

ound host tissue. 'othing approachlug gul,ation of

gra!~ to ost las observed.

The :fa.ct the the skin of' the a. is not s;~eclf1ct

and does not beeo e r lated, does not rrove that 'the

eDiderr.u.a has no regu1atory ca. acit.¥. ":hen a !J!ece of

..in 1s transplanted, i ts epide~s C.JrJeS into re1ati n

to the host only at it.s cut edge, but otbenJise it. reoains

se ted u on its 0 <:1ertn.s and often a thin J.ayer of muscle.

t ay ssible that the epidert1is is locn1.2.Y eeternned

by its derlyL s, or that the t're are correlated

into a. bi!l.."1I'Y ~Jste!. Thus t!;ese (: ~ m·i. ents emmot determine
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the reaction of the epiderois, exe pt as it is correl.at d

rith t.c interact:!.on of the skin as a whole•

.t>JlOt1lf~r possible exp anation of t~ elloss of specifici~

distur ance 0'£ the pbysiological equillbr"ltJm, and re-establish

f, vourable to t.he gran.. In this cnse the gran. rouJ.d becone

moribund an sl:bject to t. e "":Tessive action of the bost.

tissue. The host tissue would then react to overcone the 1

I
. -I

s not

. est that the graft

aft. and st tissue ere not

this process the a:f't might.

e~'Ould e to assume

eom:-i tibIe, and hat an interaction took pl e t.he.'t

normal conditions.

be replnced aCu~ by h st tissue.

;~an:r of the phenoJ!lena observed

ti<':!sue 't/liS not compatible nth t.1 e [-.lOst tissue. This is

tion and swelling - see cases - 36, ~age <B6; !J. 3:>, page 39;

. 31, age 4.0; ~J 34, page 43 - combined m'th the rapid resor

tiOD and overgrowth by lost epide .nis, indicate conclu5ive~

"that homoiotranspla."1ts of this type are ineo atible. It

obvious in th cad:~ of" the 1mb and e}'e afis. The intl.an.,.

has been stated previously that tr..e epitl eli is the edult

tissue that se~s to best retain t e capacity for developn:-enta1

activ1~; and it is obvious f'ror1 the result.s obtained here,

t.hat the skin grafts ': e ["lOre cornpat.iblp; than the 0 er

t~l es. ;evert1~ less, the skin gra:fts e~ ibited some sign.s

o-f incor:r..- ti i15 ty; t.'1at SQile of t 1e~ ecC"ne Il.L..PJa~ed 1s

8i . fica-:1t. 7Le fact tr.at t:e graft tiss e st i Jed less
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"

'fell i the r~stolo· cal. sections 1s char cterO sUc fe

of' necrosis. These facts ip.d1eate t lElt ..e skin aft.s \~ere

not only not active, ut th t ey Vi-ere to so· e ext

necrotic. Under 'these dondit1ons, ho can the appearance

of any pigment in the area be aecolDlt.ed for since it

was not induced in the gra~ tl au? As laS b 8 Jeste·

on e previons aragra:--h t it 'st 11 ve been e.arr1ed there

by .e host epide s a ing tJ course of 80 sort of

invasion.

!t would seem Ii ely 'to at this in sion would e· lace

in either of t\';O :ays; the host. e i S tnight overgr the

graft t leaving the then SU_fro ed gra..f't epidermis to dis­

integrate; or it mic-ht undercut the graft causing 1t. 'to be

slo . ed off. 'The histolo .. cal preparations s.lw ed no indio­

. t.ion in any lace of ei .er of these actions. Instead,

ey showed that the t.~x> €.Ji 1ia - the on of the host

and the o. e of the aft - had in every case beeo joined

to form 8 continuous layer. .e host e. it-helium al ~s

~et the corresponding layer of t.'lte graf't, ely J edge to

edge, and appare~tly l·ushi:1Z itSi!1f, at. least. for a short

distane , directly into the s. ace '{ ch bad been oecu~ied

by the aft e idert!lis. This is readily illustrated in the

~! d sections, t.·here the host ejide!, ds cont:nues

c'h.mJf"'ed fo~ a ~ort distance into the aft re!!ion,- see

c ses . 5, e 14; 'J 8, .. e 17; '~]&, .. <\gG 28; and .Y ,

~ e 31. It i8 also L dicated by the :fact tr.nt err.! i JEimt..

1

I

I
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. 1

.~

excess of "pig,iient,u 'ich has been mentioned as appearing

,
,-

redon

ey are products of the

.hasizing the d~rcation etween the 6 a..~ and

ey became necrot c, and i:ere inv:lded an· dis lacedthat

in the gr f't region, part.icularly in the m.n~:rl

disintegration of the r-raft epide. is.

It rUlS been S 10wn that the grafts did not become active­

they -id not grow, beCOf'1€ regu1ated, nor even retain 'their

speci:ficity - but rather there is strong reason to be~ieve

pl'ores. They ere of v~ous sizes, <.md &.t pear less dense,

es:peciall.v in uns ained tlaterial.9 - see eases '7 5, page 14J

f~ ~, pnge 22; and f:J gg, pftge 31. Their appearanee, and

~"le t'act. t1h t they ap :>ear at that region 'here we have reason

'to suspect iriVasion by the host ~?iderrnis, displacing graft

and th s

b;-," the host e·'':'der.-,"18; yet the _ost epiderrJis did not ov"'r­

grow or u:ldercut t. graft, tissue. l' co .on ,-ray for an

host. In the histolo ,ica1 praparations, both seetions and

wnole ~unt.St a large )art of tr.is colouring catter a' pears

as large, irregularly s w' eddies Mlich are no. "" lano-

!!ruf't, 'sually becn.':le continuous into the graft e::-ea,- see

caseD {; 5, ~oges 12 &. 13; JJ. 8, page 16; H li, pc.ge 19;

If 18, page 27; # 22, page 30; fJ 23, page 32; ./' 28, page 38.

a.'l'ld if 30, page 3'3.

Another clue as to wb,at hap ened is i~dicated by the

..
•\
'.
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a.n....~~a.1 to g~t. rid of i'orei ,_ protein rmttel~ t:ich is incomL-, 't-

ible, it ~ pncgo~;tcsis.

(:1808) stfltcs trv2t in t e r A.era'tilJn ot: akin in w·,~)-.blood d

a111 Jnls, •young, epithelia! cell:.; r!1f!i3 be p son

found in t.he e?idcr:'!is of a ~u1t .~ectu~St cells wh.ich appear

to of' 8. ph", .,oc:rtic nature. It t~"us seems posGible t.."l< t

the host. e.J t elial cell may be Bti l1ated to phagocytic

act!vity, and ph O'ocyt.lze the necrotic cella of 'Ule

It is possible to eet a clearer understanding of dat

happenp.d by COy"" )ari!""g" t.he oae of interaction as illustrated

by case 13, P3ges 20 - 22, \dt.h that illustrated by all. the

o~"1er in t.ra.~lantation. Case 13 t1Y be considered 'the

rec1proca1 of the others. The metbod of loss of pigmem

tr.at. t'::e loss !dg t h.e influenced by the f,::tct tl"t..at. the graft

of dorsal a'dn in its new position docs not. receive its usual

1uota of light stir-n.:lus. Conversely the gain of pigI'; eu

by vent.ral skin grafted in n~w dorsal positions might be

influenced by tIle increased quota of light stir luG. It

appe- 1's, hovlever, due to the rJetl:od of &.cas o..~d gain of

:lio:ent rns-;~, ct.:.vely, t11at iight sUnnluG has little if

arr.rthil q t.o do ~r:i.th the observed changes. ;~so, the graft.

in case 13 tr.2ty ua conti area t.he reverse 01" the

ga:!.ning pigment in the o+"her cases. There is tJ:e

thod of

ss1b1lit.y

j
~
~.~

1

- I
I

I
j

" 1



up by these :-rongs of tissue \/hich seemed to spre....d tro!Ii the

even

s first.

m thi

etll ly ne

e anir:lal. as

e grLf't abo - ed

een co10

.. -""'''-' u .......ar r:umner,

t

'1 • ·ht. di"'~_ C'Jd ¥40DS

of the gr""'ft,

a was split up by" ongs o~

eh on extent.
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a..~as \": re dispersed and scat.tered

un .

lis colourl ss or .it tissue

J: sed to alI. st. no L'

af't to

m. It did !:.()t lose it in any

cess is analo us to the pheno;.:ens observed in

rtions of the Y:hole ;:,_ an. beea.~ dia~ersed and broken

This

t 8 .!C!eks the

over t2 e :hole

t1 e t er transplantntiolls of the s,:in t e. In the other

lost its pi

cases the pi!;.l ent .hich appero-ed in t iO grr t \i.rould ElT)pe

" und the cirC'l ... ere..~ce, or perhaps just along one or two

the anterior lL~d posterior ext~ities. nradunlJ.y the pig-

ke;~t in a gla..f:l. :otter.. ed bowl.

The graft on # 1.3 se ed to retain 1t.6 si~ec11"icit.y for

in this t.ir.lG, and became de 'nitely brownish.

very little colour, ac~d n only a f : port.1ons, except. for

the general croY>l!l colour which .as definitely observed to

be due to non-pigment .atter °hich 118.8 been ~ evious1,y'

entioned, ~d described as possible disinteu atlon products.

about a "esk, altho h it :lost. ('.h of it.s

due to its lutera1 ~osition nd the :fact. t a"

L.Y'l ca e 13 was

ti,~.e tmtil its death at 8 ~ eeks, the graft. very graduaJ.l¥

o'servable near the

but rather the p. ~ent.ed

colourless t.issue.

mented

&~Cerior and postel~or and to a lesser extent from the sides.
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-:Jir.:r-ent. ozr:reg<1ti'n:s coul be observed tl:rOughOllt. tj'1e gI"t •
e bove obscr-n..tioDS "':QuId s· em to sup rt the ~ revious s

GUgZes'tio. tl.c.lt the apt err::is of the

,

e 1nvusion

t '0 Id se

eo Loeb (1=97)

e graft. T·s has been

t.s in witb tl invasion

tions ndieate t.h t.

e skin of the . 1nae-.... • B e

~ . e c' ::tentio

ft area has already been mentioned,

_th r·f" rences on ;.ges 4.9 m d 50•

t.not.ller observation that

: th re:ferences, in an...otli"r . nnexion,- see 'top of p e

trans~ lnnted black skin into hit.e, and ..-hite into black.

~ 'e describes in both cases, an nfiltrntion of cells from

the host, inclu ing.1 ant, nto 'Ule graft.. Th_s a pears

to be n proCESS s1...., lar to th"'t observed in skin ~1:l~B on

~ana cc:.tesbie

idea is the ra inl arrange~ent and i' ucity of p:ig:nent eg-

ations observed in 'the host epice is for a sbort. distance,

in, 8 e )er! entation 011

and WID ~ the cells o-r e

U, to 5 or 6 mil1 ;111ete_ s, around

was in t.he nature of an infiltration of lost. epiderm! into

This strongly supports

11 of t.he above obse

r mon. The :fact t.~t :. 1 nt aggregations in the bost ep

• s near the graf't-ho5~ bou.~d.ary un-en become great.1y

to ·ind c te .ass .er tion by t1 e 11th lit 1} 0_ t.l e . st,

al10 a seque t ele ~"tion -md orien . tion of e p •.....nt
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ti . th . t' ....,.., l'am: ega .ona l.n e. gre. 1.!1({ ep1- vd~ 1U~. .&. e fact that

there are :fever n', bers of '. eC'uti ns ea could

be accounted for b".f reasoni t.at, since s ce of the host

e:Jithelium bad moved in to take tl.e ~l.QC of e necrotic

graft. tissue, the S.ll'!'11f1011lnding epttheli

in aoount, ence thirmer, an the p

'QuId be les8 ed

ent og egaUons /Quld
..

decrease in IlU!:l cr, at le<:.st until such ti, as t e3l.ing

process had been co~-l t d a....d the cells of the ;ithelium

r~ proliferate to rrake

... is view is further su

eir norrJ aJ. JlU1Tber.

f t t the

above ;hcnomenon w s st distinct severe in those cases

in \1hi ch the hea1i action 0 the host e?lderr1is 'as

active. It also caztle to an end "ch sooner ~n ;ese cases,

nnd shorUy aft heal! acti n was apparently over,

V.e Ch~ cterist1c ~~nrte~ent of :~i ,..ent !>.a'0'T''4>aat10ns

gradually became 1 ss diGti ct and f nally d1 care

Case 38 on . e illustrates 1s at clear •

Certain aspects of t!"le oth r transpla."1tations r..aa
alre. .. bee..~ d.i.sC'Usae in connexion rl 4 certaln &"oint

re ~. _antation. .:uch of the preced di

so !);.:. ~ly to aJ..l of' the ~ eXDer_r~ ts

il _~~tion s.-: .n a:fts. h ..e:'usi -,ns ched! "- S ... c

r nt and . cue y of pi .'ent ...tlon
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)I'et lll'ter 173 d~at t .is lum. ·~s still pl"esen

tbe graft. wi th the ep1c.ermis. .':here the dermis has been

cases, the grafts were alt'lost co "r1etely resorbed . t.h1n

3 weeks.- see cases # 28, page 38, end , ~. page 41..

In case 34, P e 44, histolo cal sections ere prepar

and it C3D be seen tl1at the ~ost epidermis gre- over the

gra:.f'ted limb lone be:fore it was resorbed to at13 great. extent.

t t..'he host derm.l-s does not. gro. overIt cnn ulso be seen

and rug dine nfla!'2ation of "-..be graft. t.t ssu ., have e

signi'ficance vii th regf_rd to tte other tra."'lsplant.a:ti ns.

TCe lLnb transplm:ts exhibited very d J.lnite inco..

atibi1ity, and "ere rc-ore or less rapidly resorbed in every

case. In C85e M on ag-e ., the gra:f't. had been re orbed

in 50 days, exce~ t for a small lump beneath th skin. and

The great ctivity whicb w~s _ecessery on the 9art o'f t.be

host epidernie in order to ceo j 11sb the overgrowth. is

covered by the gr , 1t sh \1S evidence of being necrotic.

indicated by the very defin:te r~dial all of pi t

8[':.... egations about the graI"t. Tl-...Jis gives added assurance

to the deductions r.1B.de >reviously.

In the four cases of' excised limbs, 't~'O died in a

sh rt t· e. The other tv.:o exhibited rapid regeneration

of new li~bs, quite de ·nite buds being developed in

2 to 4 teeks,- see cases -', 'Zl, page 37; and 'J 33, pa,ce 42.

Th..is serves to give an idea of the reg ner" t· ve . wera of

. .~

i

J
~
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"t e experir"lental ani~a1s. The :)ov;er of eeneration b ~ s

dir ct ~12ti0 ~ tlle abili t,f to 8t vive trans-

~ antation successfUlly. Thus tissues fro these tadpoles

should be able to srzrive tran lantation re once 1'\llly

a,yt corresponding tissues in ani.r.~s -t.b 10"'er po ers of

regenerat'lon.

0111y one case of eve transplantation was successfully

e f"ormed,- see c 39 t D e 48. The observations and

discussion of tl 1.8 c~.·e is va", closely alJ.1ed to that

regard: ne li!nb tran 1 l.antation. aI"'ted eye t.issue

becar..e Cisorganized and necroUc a.."ld eventually bec .e filled

\\'1th black pigment, fro .e ::>' ·ent layer of the retina,

and cmsses of di sinte<;;> ation products. It is intereot.in8

to note 1St in th5.s case the armis ere over the graf't

along with t.'le e·)ide~--is. '.:"t.is was the only indication

observed in any of the cases, that the de is might be co

parable to the e.)1de is in tivi't'.f •

Strictly eaking, case lG, p e 24 <1 25, does not

come wit.lrl.r the field of t..ns ~ esis, but it illustrates

so .e interesting points f'ro~ the larger field vhich should

be entioned. The left eye had atrophied, and as a result

e connC?cted , arts of the central nervous system exhi l 1t

b
k

1)0 lasia. m"ne optic c·1iuSMCl on the left side is almost

nc e -stant, a'Yld tr.e r-:g...t side o~ tJ1e .id br in is .dlCh

undcrdeveloI ed. .,ji n lar effeets rn be produced :i the a.:f't­

ing of 0 ana at are out of scale \ t'h t e h st.
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~~ tissue is displaced by host

~~ tissuesThe observable methods ..ereby host en

1nteract., a"1d by h;'cb the

metabolisr::l of til . trans' 'lanted cells - su u..nces" .;~ch

instance the tubercle bac1llus. It has been lnted otrt

.'

1

. ~st - nd

ti1~tabol 62 ot'

tter per ect,iva. The

r and host. Thus in

action ~ ~ be due to J ducts

e tJlOse given off n t le no

oduct f an abn r:;

van off "by certain microorga..-USms. s for

nth ~~e relation i:;." bet ~een -

arettoxic i:1~rely ecause \.l.cy act 01'1 a

disturbi! ~ubstaD~es

that the action of 'Clese 6U stances is graded in accordance
)

action 0.1. toxic substances. These subs+ADces act. no-t.

, ut the field under discu sion in

of !"netabolism given of'f by the introduced tissue, which act.

as hor:!Oiotoxins. It is as yet doUbtful, hvVl 'far these

unlike those

discussed. This is b -:ld the ~iel< of tJ~e i.-resent ex, ri

ent tion, but a slort consid"ratiLn of these fa tors ill

o inions expressed are those of Leo Loeb.

The introduction of ·arts of orgar..s or ti ~8uea ich

originated in a strcu~e il~d1vidual causes disturb~ es . .: ch

lead to cha'lges simi1.ar to those found as a result. o~ the

tissue, have been d:i. cussed rather _ lly. The reason for

this reaction, and the stiMUlus or oducing and inducing

substances "'hieb initiate and the interaction have not been

homoio~C:lIUr~lantation, the

h \'1 :far t~ 'ley re t.:..e
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th mroduced. eells, the patholof"ieal c .ange being due -t.o

the action of the body fluids of the host ti;.on tlle strange

cells. The !atter seems true in r.!any cases, for exa.":Ip~e.,

in man certain groups of" individuals can be dist.inguished

a.ccording to the interaction of blood cells against.

agglutinins prefo ed in the blood. The substance in the

body fluid which reacts with the bo.. io·d1fferenUal of the

tissue, e ca1lea e .,pl ent.a:ry bomoiodifferent.1al.

It is interesting n. te tl t, in f'erUl.iaat.ion

homoiotransplantation 1s the no occuranee, and no reaction

occurs against the homo1odifferent.ialt even in the higher

anir..als, just as in the Cll:,e of' re pri.1tive t.i BUt:S,

reaction of ineo -'~ 1.i 111ty occurs after het-ere! rUl1zaUon.

In both het~rotran 'Fla...~tation and h.eterofert.illzatlon. ree!

rocal relations may lead to very divergent resu1ts.

The enetic eo s1tiOD of' 'the bo::d40di:r.ferent.1al. is

as :,."et. ver";/ iI:?erfectly kno 1J1. It. has b~ establ:'shed

that the differential is genetiea1ly co:1posed of multipl.e

factors~ the number o:t t ~dch is not definitely lelo m. I't

is possible that a.l.1. exCGr.. t the s;:)x c moeones participate

in the com,,:,os1tion of the differential.

Leo Loeb believes tt't'Je have eVeT:' reason to assume "that

the hOP.lOiodifferentia.l is a yroteid substtL~ce, or t. least

t.:a.t it occurs only in combinntion rl..th .,rote d substa ea. ft
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Yerb t Rand a."'ld :"ndcle e !'. ierce of .-~..elif'fe College

h.:'1.ve done sone int~s ing trans~ l.antat.ions on :frog ta )oles.

Their aninals . ere !)tms cal i tans and a te ana oalustr1s.

Their re'suJ.ts are b:".ised, for the most ~ on 25

o 1':~w_ ch 20 'ere autopl tic and 5 ho iopl.ast1c. in of'

t.hese ere skin tran lantations ~m t.t-e ventral to the

dorDal 8urg'ace.

They found thnt aLl e afts either retained eir

specificity, or Use the ar a bee p1grJented in a

r.-ar.ner si!."'ilnr to tLnt t)~ the 0St. All le gra:ft.s ~h1ch

retain d t1;nir s. ecif'icity ere autopl~.,.tic,. In those cases

that lost. 1"ound t at e

appeared rrogresGively fro t! e c ·O'e of the graf"t, advanciQg

centripetal1y until in 3 or 4

\1eGks, t.h~ enUre graft region

~ a igmerrted. In ordel" to in­

vestiga-iic the nature 0'£ this

.
1

advance, they devised the

"bcrTier" experiment, in :hich

a strip o'f s ..ell ~embrcme c~ the

..el • S e['~! '.:as :l :rc..(:,r:-JOs d bet.feen

--.-
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vaJ.uable clues ~garding th n t _e f the interaction

the experi~ents ,'lith dana c .tenneinn.

eb defifiea ~~e re ction ~ai.st ho 1otransplantation

as 'h'Jmoiodifferenti 1 Ee stated ( 21) that the first

h~dicat1on of homo:!o<!.1f:f'eren aJ., n t.he phy1.ogenet.lc Ger" 8

er becones necrotic 3J'"'ld .. s..>l-ot beco~e regulated, b t r

aced by t=~ host tiosue. Their ingeneous 'barrier' eXl t.

did greatly c1.a.ri1'.f the manner in . ~ich invasion by the

heat tissue takes place. They did not do any t.ransplant.ation

£'rom dorsa1 to ventral s face, ho 1ever, nor did tJ.ley do

tran .1ant.e:t...ioDs of El.Tly other or ans, both of ieh gave

occurs in adult .' '.,Libi These e. erioents and tb sa of

- and d Pierce both indicate t: at t~ere is a homoiod:1f:ferent1aJ.

in 1arvaJ. Am:Jlibi.n as repre. nted b frog

leaGt three species.

't.aC1P01es of
!. ;
I
t

~
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'!'here is 1.initless op rtunit1Y ~or indiv1dua1 initiative

and met.hods. The following are 00 e suggest.ieDS, t hic.h if

) s of eJq)erimenta

creased the value of the

in devising new and correlating established

It will be noticed that many of 'the tranBp1ant.ations

were made to t.he t.ail region.. It. as inte ed 'that the

snil1".als should be induced to ce . ~ose by en ical treatment.,. '"

and the f'ate of' the grafts recorded. Due to J.imitations ot· -

t'ollowed, Vt'tmld have great.ly

present.. work.

time this was not done.

)

In the present record ~'1ere is only' one ease of trans­

plantatio-in fro dorsal to ventral side. ~mw more \YOuld

have been a valuable aid in establishing the pat.t.ern of

ll'lteraction in skin transplmlts.

Aut.oplast.i c trans. lantations, a..."1d "barrier" experirt" nts

would have ndded greatly to the Yalue of' the iOrk.

eo=t>inntion of the "bsrrier" e ~ erinalt ~1.th the reciprocal..

transplantation should yield i.nteresting and useful results.

Because the reaction between host. and . a:f't. as so slo ,

most of the host animals' ere allowed to live as ~ong as

they would t in order to obse1."Ve the ;. They

e .0 ,,] '" 11 :v<:! bt> n kiJ.led a"ld fixed t, v ious tL. e intervals

after the operation. in order to folio'!; toLe rot." sa of

e invas n.
'"',"
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