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Introduction

     Spemann ('31) was the first to point out experimentally that in amphibian
gastrulae spreading of tlie animal cap takes place by itse}f, neither mechanical pu]1

nor any other infittence of the marginal zone being recognized. Later fioltfreter
(X33, '38, '39.> demonstratec! that tlie presumptive ectoderm of the early gastrula
showes marked spureading when it is iso]ated and adhered to glass plate or other
inorganic substrata. Koewver, in the normal cottrse of development spreacling of
the ecteaerm takes place in definite directions in different areas of an embryo.
This is clearly shown by Sckechtman ('32) wlto e}ucidates that the ventral epiderrnis
shows marked stretchiBg in the dorsa} directien dBring neuru]atiolt, while t}}e doer.q.al

epidermis, after the c}osure of tlte meaul}ary plate, stretches in the antero-posterior

direction. In view of these facts, it can xxaturally be askecl that where is involved

the factor whieh determines the direction of spreading ef ectoderrn. Does it exist
in the epidermis itself or comes frem oatside of the epidermis? To answer the
gaestion the fo}lowing experiments were undertaken. [{'he experiments were carried
out by explaating pieces of the presumptive ectoderrn on a glass plate or needle.
As materials gastru}ae and neurulae of 7irititruas pyrr}bogaster were emyloyed.
    Before going fuTther, I wish to express my sincere tlianks te Prof. M. Ichikawa
for his kine suggestions and encou.ragements throutocrhout the course of this study.

I am also deeply indebted to Prof. ll. Takaya of the Konan University for his
valttable criticisrns.

       Expertment l. Spreading of tlte pre$umptive epidermis ef the eaurly
                     gastru}a on glass plate

    A sguare piece ef the pare$umptive epidermis eut out from early gastarula was
attached to a smal} piece ef glass plate. Adlierance of the ectoderm to tke glass
p}ate wa$ qaiek and complete when it was pressed dy anether pieee of glass plate
(Fig. I). Cultivation of these pieces was dene for abeat ca week. During oultivah
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1, Showing the extension of iso]ated pieces of the
   early gastrula on the glass plate in area. "wr."
   of the explants n days after the operation.
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Fig. I. The presumptive epidermis
  of the early gastrula cut appart
  and pJaced on glass plate (A),
  and on a g]ass needle (B).
   b`"••.•..••••"-Hblastopore.
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tSon the explanted ectoaerm freguently detached from the glass plate. In such
case the tissue curleaT up imrnediate}y and preduced many rr}inate folds en its
surface. It beeame globular in the fo}lowing 2-4A days and ultimately fermed a
seiid mass. In 4 specimens in which the ectoderm firmly adhered to the glass
plate marked spreading of the tissue always occurred. In the course of spreading,
there was found ne minute wrincles cn its surface, and it became a tissue differ-
entiatecl into a thin membrane with circular contour (Fig. 2). As shewn in
Table l, the spreading of the ectoderm was steady and continuous fer mere than
3 days. In 5 or 6 days of cultivation, disaggregatien ef the explanted ectoderm
always fe}lowed. From tke faet tl]at the square piece of the explanted ectoderm
always transformed into a eireular membrane, it can be stated that tlte spreading
was unifrom in all directions, no apparent tendency being found to spread in
particular directions.

      Experiment IL Spreading of the presumptive epidermis of the early

                     gastrula on glass needle

    In thls operation a fine glass needle instead of a plate was used as a subst-
ratum. The need}e was folded up, as is shown in Fig. 1, by a square piece of
the presumptive epidermis cut out from the early gastrula. The needle usecl was
about 0.2mm. in diameter and 20mm. in length. Soon after tlie operation the
ectoderm showed marked stretching along the g}ass lleed}e. In about a week
after tlie operation a long and slender column of the tissue was produced (Fig. 2).

Thus, the tissue attaehed to a fine needle invariably showed marked staretching
only in the direetion pallarel to the needle, not te other directions. The longi-
tudinal stretching of the tissue along the needle is shown in Table 2, by measuring
the daily inerease of the length of the explanted tissue. Similary as in the case
of spreading on the gtass plate the longitudinal stretching of tlie presumptive

    Table 2, Showing the stTetching oÅí lsolated pleces of the presumptive epidermis
            of early gastrulae on the glass needie.
              "ln" is the lenglh of the explants in mm. along the needie
              n days after the operation.
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     Fig. 2. above....•.•••Sprending of the explanted presumptive epldermis of rhe early
                 gastrula on glass plate (G 3 in Table 1).
                 A...••.•••••.immediately after the operation.
                 B••.••••.....2 days after the operation.
                 C...•..••.••.4 days after the operation.

            below...••.••.Stretchin.cr of the explanted pi'esumptive epidermis of the early
                 gastrula on tbe g]ass needle (E 8 in Table 2).
                 D.........••.immediarely after the operation.
                 E............2 days after the operation.
                 F............6 days after the operation.

epidermis was also steady and cont{nuous. However, the stretching always resulte[I
in a production of a slender column of tissue in contrast to a thin membrane in
the previous case.
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         Escpertnzent Ilf. Spreading of tke ventral epidermis of t}ie early

                        neurula on glass needle

    A sguare p!eee of the ventral epldermis was taken from the neuru]a in
wkich the medullary fo}ds were clearly demarcated. Soon after the isolatlon of
tke ectoclerm the glass needle was attached to it in tlie same clirection wiih
respect to the origina} antero-posterior direction of the ectoclerm (Fig. 3). These
explants always shewed marked stretching along the needle. In 2 specimens
marked stretching oecurred soon after the operation and continued for 7 days.
In other 6 specimens stretching became marked in l or 2 days after the cultiva•
tien, and continued for 5 or 6 clays as is representecl in Table 3. As a result
of the stretcl)ing, all the specimens formed a iong colurnn on the neeele (Fig. 3)•
As cornpared with the case of the gastru]a ectoderm, stretclaing ef the ventral
epidermis was greater, and formed more slender and longer celumll ef tlssue
even within the same period ef cu}t!vation.
    Stretehing of the ventral epidermis oecurred alse along the needle, when the
glass need}e was placecl in the doz'so-ventral direction of the ectoeerm. In most
of the present cases, as founcl in the preceding explants, stretching ef the tissue

    Table 3. Showlng the length in rnm. of the isolated pieces of the veRtral epidermls
           in which the original antero-posterior axis is kept.
              "1•n" is Ihe len.crth along the glass needle n days after the operation.
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Teble 4- Showing the Iength in mm. of the 'iselatd piece$ of the ventral epidermis
       in which lhe original dorso-ventral axis is kept.
          `tln" is the lenglh aleng the giass neeGle n days after the operation.
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above.........The ventral epidermis (A and B) and the medullary plate (C) of
      early neurulae cut appart and attached to glass needles.
      A......••.Glass needle is applied in the same direction with the original
              antero-posterior direction of the ectoderm.
      B...•..••.G!ass needle is placed in the same direction with the original
              dorso-ventral direction ef the eetoderm.
      C.........Glass needle is placed in the same direction with tlie antero-
              posterior axis of the medullary plate.
belON"' rsis','g'Rt.r.edt9.h.i?i gfifih8.ebXIP.la4")ted piece of the velltral epidermis on the

      D......••.immediately after the operation
      E......••.2 days after tbe operation.
      F......•..4 days after the operation.
      G.........6 days after the operation.
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became marked in 1 or 2 days after the eperatien and continued for about a week, as
is shown in Table 4,. As a censequenee, a long and slender eolumn of epiderrnal
tissue was formed aleng the needle in this case, too.

     Frem the above results of experiments it can be stated that the iso}ated piece

of the ventral epidermi$ of the early neurula always lias a marked stretching
tendency on the glass lleedle, and t}aat the direction of the stretehing is always
along tke needle, regardless of the original po]arity of the explantecl epidermis.

         Experlment M Spreading of the isolated meaui}ary p]ate on
                        glass need]e

     From neuralae of the same stage as userf in the preceding experiment, a
rectangular piece ef the medu}lary plate was cut out. The pieee to be ex-
planted was taken eut frorn a middle third of the p]ate (Fig 3). The piece
of the medullary plate was earefttlly removed frem its mesodermal compenents
and attached to the gla$s needle. The needle was always placed in the same
directien with the anteero-posLerior axis of the isolated piece. As a rule, the
exp}anted tissue die not skow marked stretching in any direction clux'ing the
whole course of cultivation for about a week, except for one in whicl) stretching
of the tissue was found along tlte needle. Even in this case stretehing was encoltn-
tered only in a small restricted portion, and the remaining portien formecl a solici

globalar rnass. The portion stretehe(l produced a s}ender pTetrusion that quite
resembled, in the external appearance, to the column-like structure formed by the
ventral epldermis attached to the glass needle. It was neteworthy that the ciliary
beating was clearly shown in this portion of the tissue. Since previous workers
(Woerclemann '25, Twitty '28, and IIoltfreter '3I.} do not recognize the ciliary
beating in tke cleve]oping neural tissue, it is guestionab}e whether the stretching

portion ef tkis explant was derived actually from the neural tissue.
    In the remaining exp}ants of the experiments 3 cases failed to attaeh to the
needle. Such tissue did not show stretching in any directien, and always formed
a solid globular mass, 4, specimens attached te the needle suceessfully, but shewe(l
no marked stretching along tke needle (Table 5). They resulted in tlke production
ef spherical masses owing to slight shrinkage of the tissue during cultivation.

       [['able 5 SIiowing the ]engtl} in mm. of the isolated pieces of the medullary
               plate in whieh the eriglnal antex'o-posterior axls i$ kept.
               "In" is the Iength along the glass need}e n days after tlie operation•
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                                 Diseussio}i

     In the present experiments it laas been sliown that the markecl sturetehing
is always a rule in the presum}?tlve epiderinis of the gastru}a, even wlaen they aTe

cttt apparL and placed on glass plate. [rhese stretched pieces always result in
the production of thin membranous tissues of epithelial appearcance. Therefore,
it is apparent that tlie presumptive epidermis I3as a marked tendency to spread
by itself. Hewever, this tendelley becomes manlfest enly when tlie tissue is
placed on an apprepriate substratum. In tlte absence of substratttm, tlae tissue
always preueces a so}id mass without forming membranogs epitkelial tissue. Tliis
scesult clearly indicate the importanee of the substratum for the developing epiderma}

tsi$sue to unclerge marked $tretching.

     Similar stretching is also shown in tlae ventra} epidermis of the neurula wlaen

i-t is atteahecl to tke glass neeclle. As is demonstrated by Schechtman ('32) by
means ef vital stain2ng, the ventra} epidermis of the neurula norma}ly undergees,
in its intact pesition, the most pronouficecl stretching in the linear direction, i.e. in

the dorso-ventral directlon. Stretching in tlte othear direction is scarcely found.
In cennectien with this fact, our experiments further diselose that tltis linear
stretehing of tlie tissue is not necessarily concerned to the ink'insic polarity of
the 'tissue. Because, the tissue stretches always in the clirection a}ong the needle
used as su})stratttrr}, witkou# apparent connection witk the polarity of the tissue.
[rherefere, it can be stated that it is not the internal polaxity of t}Re epidermis, but

external inflttences that deterrnine t})e directien ef stretching of the tissue. The
lact that the same tissue ef g.ftstrula epidermis behaves quite differently accerding

as it is ni laced on a g]a$s piate or on a needle, provides another evidence whieli
clemonstrates infiuences of the substratum upon the direction ef stretching ef

the epiclearmis. '    Jll view of the facts, evidenceR li}y the experiynents, that the $Libstratum is
indispensable for the stretching of the presumpiive epiclermis, the mesodermal
substratum in intact embryo may }]e considered to have most important r61e.
    Differin.cr from the presumtive epidermi$, a piece of the medullary p]ate
ectoderm does net un{ilergo stretching even when it is plcacecl on the glass needle.

Aecerding to Nakamura ('42) and otl}ers, the pesterior half ef t}ae medullary
plate shews maTlced stTetching in the antero-posteTior direetien. Nevertheless,
a piece ef the ectoc!erm derived from this area of the plate does not show any
stretehing on the glass substratum. Therefoare, as far as the stretching of the
tissue is cencerned, tke medu]lary plate ectoderm seems to differ greatly from
the presumptive epidermis. It is preblematica} whetl}er the difference mere}y
comes from the intriBsic properties of the two different tlssues or not.
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                                Summary

l) The presumptive epidermis cut out from the gastrula and the neurala shows
   marked $tretching when placecl en the glass piate or needle.
2) It kas an inherent tendency of stretching. This tendency becomes manifest
   only when the tissue is placed on an appropriate substratum.
3) The directieR of the stretching is net inkerently determined in the tissue. It
   seems to be markedly influenced by substratttrr}.
4,> The tissue in the mecluliaary plate does Bot stretch when cut appart and plaeed
   on .a glass needle.
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