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                           Introduction

    The phenomenon ut' thÅë periodical desrenerettion aiid t'eg'eneration

of the epithalium of colletnbolan niicl-iiitestine xvas first cle}scribecl by
So"TAmi< (i88s)in Tollioderzts (.'ltlradroloma).lrOlwimbc(v, and next by I;ERNAx.D

(!goo) iR xs-17z•,,sn'cla maJnZi>iitp. These authors, however, did not gro into

the physiological process of the interestlng renewal of the inicl-iRtestinai

epithelium. FoLsoM and -SLVELLEs (igo6) made a physiolos.ical study
of the phenoinenon in certain Collembolca, such as 7."o77iocev'2ts 7z.t[s,rer,

f)oclu•la a•aei•aXi2a., fsotofna zii'n?lib aBd 0rcli•esella ci>icta•. So, far as Il

l<noxv, this is the only previous xvorl< relatinsr to this stibject.

    The object of the present researcli xvas to find out the manlter
o,f resr(t'Lneration as wel1 as what physi,()!osrical significance is involved

ln the castiRsr off of the entire epitheliuin of the mid-intestine in
Collembola.

                      Material and Methods

    /.(t,2bosr(vslfzela• co7i"fi-zoui3 was used in this stucly. 'l'his sl)ecies

is found commonly on the stwface of rai{i pudclles iii the x;icillity of

I<yoto. The materials "rere fixed i'n. toJo ancl embeclcled in paraflln
by the ordinary method, Sections xvere. cut s-7 micra thicl<.
    For fixing", absolute alcohol, 7oO/io alcohol, alcoliol-formol, BouiN's

mixture ttnd C•ARLNToy's mixture were ttiecl, ancl the last one proved to

lrive the best results. "•Iaterials mtist not be left in the fixative more

than s-io n)inutes.



 i36' ]N,I. Ici{ii<txwA:-
                                   '
     .For staining sections,-IffE{DEixrHArixT's iron-haeniatoxylin, and DELA--

 Fii;.LD's. haematoxyliiit xvere employed, xvitia or without counterstaininE.)'
 witli eosin.

     [For the study of the physiological process of the mid-lntestinal
degeneration a. ncl resreneration, the insects were preserved i'n loto witli

IL;"i.ErnnLN,G's strong soliition ,without acetic acid, dilutecl with eqaril

parts or with twice the volume oÅí clistiliecl watez'. Sections were
stained with 1'-IEiDENiaAiN's iron-haeniatomylin.

              '                        '. Observation '

    i[?or sonie titne preN,rious to nioi/ikins,, the insects becoine inact'i've.

x-lsLt thttt tinie the new chitinoRs integument has beeti formecl under the

old oiae and the epithelium ot' the intestine has tmderg'one some
clegeneration ancl the formation of the new one has bes.L}n to some
extei3t. XVhen the insects are examinecl within five hours after naotil--

ting, it is seen. that the old epitheliknn 1}as become almost entirely
doformed except in its anterior half, x?srhere the cell-walls are hardly

recognizable. In short the renewal of the micl-intestinat eplthelium
tal<es place just prior to the external moulting.
    Tlie mid-intestine of ffyLg6o.o'astTzbla comniiviu3' is a siinple tLibe,

extencling Åírom tlie beginiiing' oÅí the mesothorax to the enc! ol the

fourth abdominal segment, withotit cxny appenclices such as gastric
c.feca ancl ly{alpig'h{an tubules, as is shown in Pl. I, photo. i. The
epitlkelial wall conslsts of a siRgle layer ot] cylindrical cells, 'furnishecl

xvith nunierous fine--filennents (EItirchens-c tun) on the perip}iery ancl xvith

scattered regeneration cells at the base (Pl. I, photo. 2, Pl. I[, photo.

3, cancl Pl. III, Fig-s. i, 3 ancl L;). No goblet cells, whjch are founcl in

other insects, caR be disting'uishecl among these cells.

    .-'-Nt the base of the eplthelial xxTali ther'e ls a structurc'.iess tunica

proprica (basal inembrane). Outisicle this membrane is a sintg'le layer

ot' circular inttscle bancls, xvhich are, in turn, surrounclecl by a layer of

lons.itudinal musc!e bancls (Pl, III, Fis.s., i, 2 anci 3)•

    A.s rnentionecl above, the regeneration cells are found in the l)asal

region of the epithelial wal1, scattered 1iere and there. One can 'find
llo "ni(ili" (I<rypteiD whose function is considered to be exclusively

to regenerate the epithelial cells as reportecl 5y 1'xENGEL (i8g8),
IEvENius (ig2s) ancl others in Cole.optera and T-Iy}nenoptera.

    This arrans,'nient of the regreneration cells in Collemboia may per-

hEps be the niost primitive t'orn3 of the "nidi". The reg-eneration
cell is smaller and stains better thckn the epithelial cell xvitk a round
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 nucletis, and often shows the mitotic figure of cell divisioii (Pl. III,
 Flg. 3). The nunibey of thein is various accorcling to the agre of the

 insect ancl tlae yoLinger it is, the more they are foLincl. IFERNALD (igoo)

 and FoLsoM and XVELLEs (igo6) maintain that there are no speciai
 reg{5neration cells in other Colle-nkbola. FERNtxLD believes that iR
 /1iiisri'(l(x vianZi>iia, t'he nucleftr clivision tal<es place in the epithelial

 cell itself and oiie of tlie claughter iiuclei migrates toxvarcls the free

 end of the cell, wkile the other passes towaycls its base; then delami-
 RatioR of cytoplasm occurs between these daug'hter nuclei ancl the
 interior half of each cell is thrown ofF into the luinen oÅ}' n3icl--intestine.

 IfoLsoM ancl XVELLEs also observecl almost the same phenomenon iti
 Tonioe'erzts niL.crer, namely, i.n sotnexvhat less than halt' of the epithelial

 cel!s the nuclei inigrate toxvarcls the intestinal Iuinen to form txvo

iayers of cells; then tl}e layer next the lumen is thrown off ancl the
normal nuniber of cells 2n the epitheliuna is restorecl by the mitotic
cllvisions of the remaining nuclei. Contrary to these authors, IPi<ovAzEi<
(igoo) believes that regeneration cells (iiX,[utterzellen) exist in lrsotoiiitv

.a7zlsca. I+Ie maintains : " 7..xvischei} cliesen Zellen (prismatischen epithel-

artigen 7..el!en) findet man basalwarts aut' O..ue.rsclmitten uncleutliche

l<leine, dtinlder sicli tingier`encle Zellen niit l<leinen cltlnkelen 2-r.ellkernen,

die als A•Iutterl<eim- ocler U'i"zellen cles ]XIitteldarinepithels aufzufassen

sincl,............"

    l shall now describe the epithelial cell in the noriT}al stas.e, so
far as the renewal of ti}e micl-intestine is concerned. In the yotznsr
stage oÅ}' the cell, basophile plasn3 fills the cell uniformly. .tN- s the cell

ages, however, an alveolar structure becomes apparent in its micldle
portion; the alveoli are small and scayce at first, b"t become larger
ancl inore numerous gradiially. In niaterial fixed witl} CAi<Noy's mixture,

cell xvEtll and filanients are distinct, xvhile in inaterial fixeci xvith l;'LEii-

MiNG's strong solutioR without acetic acid, cliluted to i/2 or i/3, the

inclividual cells are distins,uishetble sep,arately only by the state) ef

aggregation oÅí basophiie granuies in the plasn]. The nucleus is
situated somewhat below the inicldle of the celI; it is lars,e ttncl oval

and contalns many basophile chromatin granules ancl a few aciclophile
ones. The nucleus becomes polygronal as the cel1 grows older; at
the same tiine the basop}}ile granules increase in nuinber. Such
f)'ranules are not cletected in the youngr cells xvhich are still bearing-
the o]cl epitheliuni .(I?1. IIIII[, Fig'. 6), so that it is but natural that they

shoulcl not be found in the regeneration cells. As the cell as.es, they
accumulate f}rst in its bcasal portion, xvhile ln a few cases they appear
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first jn the poirtion ot' it next the luinen. They seem to accumulate
quicl<er in the epithelium on the dorsal side than in that on the ventral

sidu'i. The senescent cells ot' tke eptthe.lium, which hcave become taller

tl}an usual ancl are reftcdy to be thrown off, at'e laden with a great
Rumli)er of these f.}'ranules, while no foocl is containecl in tliLe luniLei:i

of the alimentary tract. I't ls in this stas,e that the iiasect beconies

inactive for moulting, as ciescribed above. In this stag'e of, the celi,
heavy vacuolization of the plasm is recognizable in niaterial fixed wlth

CAi<Noy's mixtLire ancl there are founcl maRy acidophile granules in
the nucleus. Juds,lng- fi'oi'n these facts, it is lil<ely that the process

of casting off the old micl-iRtestinal epitheliuni has an excretory sis,'-

nificance. Durjn..o' tliei time that the discarclecl celis .ftre degen,erating

in the intestinal lumen, these grantiles dissociate theniselves and

clisappeay completely. Thus the main partr of the granule seems eo
consist oÅí the proclucts of insect metabolism, which are soluble in the
lumeti. In Tomoc('rus nziso'e•r, I;oLso",i ancl X?V'ELLEs observecl small and

royind concretions as products o'f cell-metabo!ism, but this concretion
reinains intact in tlie luinen ancl is finally ejectecl froin the alinientary

trcact.

    The excretory function of the mict-intestine clescribed above is
possibly correlatecl with tlie absence of4 l•Ialpis,1iian tubules iR this

insect; but it is more probable that it is correlatecl xvith tlrte mou!tins,-

of tke integuinent. Il)uring' the inoulting, in spite of the apparent
inactivity of the insect, the jnternal inetabolism is apparoritly very

active, and the metabolic products are probably evacuatecl by castins,+
ofii the entire olcl epitl}eliutn. In the nietainorphosis of other holo-
metabolic insects ancl even in the ecclysis of x"//tril/i•i'cn•2ts-N and 7)erinesl'es-

larvae, i?N•d[6Bus7.. (i8g7) has observe,cl the total resreneration of the micl-

int"estinal epitkelium. ]Nfore recelttly, Tci-iAts'G yuNG-'rAi (ig2g) has also

yeportecl the sic ine phenonaenon in Galleri2v inttllonella (Lepidoptera).

.i Nll tltese observations sc')em to favor my opinion that there is a causai

relatlon between moulting ancl the excyetory function of the inid-

lntestllle.

    I[n the resting state of tl}e iiLiid-intestine, a inucous layer "real<ly

acidophile is usually found covering the epitheliuin. Tliis may be
dig+estive fiuid secretecl froin the epithelium. XVhen the digestive func-

tioR is at its lieight, secretion-droplets are sometimes fottnd here and

there attachecl'to the Å}'ree encl of the cell. In the posterior portion
of t'lie .mid-intestine the free encls of tke cells are often t'ouncl to sive!l

out into the iumen ; this convexity clevelops grcaclually into a spherule
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whiclk is constricted off and liberated into the lumen (Pl. III, Fig. 2.).

This proiiferation of cytoplcasm is thought by FoLsoM a.nd XVELLEs to
be a 1<incl of secretory Åíunction, ancl may indeed be so.

                            Summary

 . i. The renexval of the mid-intestlnal epithelium in Collei'nbola
Z-7J,Po.ga•str?sla• takes place just before moultin.o'.

    2. The epithelial regeneration is per.forrr{ed by the regeneration
cells situated at the basal portion of tlie epithelium.

    3. The process of Åíhe castin.cr.. off of the old epitheli"m is possi-

bly correlctecl with the mou!tintt' oÅí tke inte.ogunie.nt ancl probab]y hqs

an excretory si..o'nificance. `

    A- cknoxvlecl.o.'ments are due to IProf. T.txi<u Ko. "fAi, IP. rof. II Aci{iRo

"ltiuAsA ancl I)r. OsAMu• SmX'oDA, for their l<ind 1ielp ancl valuable
criticisms.
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            Explanation of Plates• VIII--X•

                   List of abbreviations

    cv ==: cyt'oplasmic vesicie

   cm = : circalar muscle

    dn == deforiniRg nucleus of the old epithelitun
    ds ur= dersal sicle of the niid-ititestine

    ex -- excretion grantile

    f za food materia}
    fi == fore-intestine
    I•F -im line-filanient (" I'litychen$:uiin ")

    hi -- hif]cl-intestiue

    ill -- '111teg-Mellt

    lni :::; longit'udintxl niuscle

    ini =-=r inid-intesL{ile

   nit tv2= niitotic (liv•ision of the re.crenernt{on cell

    ne=new epithelimn '    oe = old epitl]elium
    i"g or-=- refgeneration cell

    v = vacuole
    vs -ha-- veiitrtd side of t'he mid-intest'ine

                       Plate VIII

Sagittal section of 1)CJt?o.cras2r7tla eoiiwnuni's, showin.cr,. the whole alinientavy [ract.

]r,ixed xvith CA}"Noy's mixttire. (ob. 3Xoc. 3)

ARterior portion of the sagittal sect/ion of the inid-intestine, sho"ring. the old epithe-

Iium tlu'own off in t'he lumen. Fixed "tith CAi<Noy's mixture. (ol). 7Xoc. r)
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                           Plate IX

3 Sagittal section of the micl-intestine, Note the regeneration ce]ls scatterecl here

  and there at the biise of tlie epithelitnn. r'[iddle portion of the dorsEil epitheliiun,

  fixed witli CARNoy's mixture. (ob. ifl2Xoc. 3)
4 I.ongitudinal section, showing tlie coiivex periphevy of the posterior portion of the

  inicl-intestine. 'i"he epitheliuni is in the senescent state ancl the new one has bf-aeii

  formed. Iixed with CARNoy's mixture. (ob. Ill2Xoc. Il 18)

                           Plate X

                                           'Camei'a-drawing from the longitudinal section (s micra) of the m{'il-intestine, showing.

tlie re•sting stage of the reneival of the epithelitun. Cytoplasn) of the re.cr. enertitlon

cell is dense and stainable. ]N/Iiclclle portion of tlie ventral epithelitun, tixecl "rith

CARNoy's mixture for" ten minutes. (ob. I!X2Xoc. 4)
Caniera-drawing froin the longitndinal section (s n)icra) of the posterior cpitheliuin

of the ]nid-intestine, showing the cytoplas]nic proliferation. The senescent cells and

the regenerating. ones being distinct. Fixed with CARNoy's mixtttre, <ob. IIi2Å~

oc• 4)

Camera-drawing from the longitudinal sectlon (S mierc), sho"ring the degeneration
of the old epithelium and the mitotic division of the regeneration cell. On account

of the contraction of circular niuscles, the shape of tlie new cells is soinesvhat ir-

regu]ar. V'entral epithelitim, fixecl svith CAi(Noy's mixture. (ob. I!I2Xoc. 4)

Cainera-clrasving froni the cross section (S inicra), showing the de.creneration of tlie

old epithelitnn on the one hand and the regeneration cel]s scatterecl here and there

on the other 1]and. ATucleus of tl)e neiv epithelium is situated in t]]e distal portion

of each cell. !ixed ivith C'ARNoy's m!'xture fov 20 minute$. (ob. 7xoc. 4.)
 Cai}iera-draxving fron] the ]engituclinal section (s inicra): showing that aggregation

of excretion granules begins first at the basa] portion of the cell. Anterior portion
oE the ventral epithe'titnn fixed witli diluted FLi?.M"flNG's strong solution "Tithout acetic

acid. (ob. ili2Xoc• 4)
Can)erLa-drasving ft'oni the longitudinal section (s naicra), shosving th,it tl-.e excretion

granules have fi]led up the old epitl)elimn, which "ras ready to be thrown offi N•ote

that there is no excretion granule in the ne"r epitheliuin. XJentral epitheliuin fixed

with dilated FLE"fx,"NG's strong sokition svithotit acetic acid. (ol). ili2xoc. 4)
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