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    The change in the. viscosity of the cytopiasin that tal<es place durintg

niitosis is one ofi t]ite important sul)jects oÅí inx/resti,o.',ation aitd clisczission

in cytolog'y. This change h.xs beeR stuclied br the method of cen-
trifuging by I-Ii]•iLBRutNTptT (ig2i ancl ig26) anCl I<osToFF (ig3o), The

IP)rownian movenient has cxlso been tal<en as the inclicant in tliis line
of illVeSti.O.'atiOll bY 'LIIBLOND (I9I91.,l)), SF.IF}<lz (1'g20), a.nd rP>AYI.ISS

(ig-7o), and more recently by BRiNLF.y (ig28), Pit]i<Ai<ET< (ig3o a, b) and

I;i<;],DEi<isi<E (ig32). PEi<Ai<Ei< hcftLs made use of this phenomenoti for

meastiring absolute viscosity, adoptin.g.' the niethocl of JleR'ri{ in the

invTestigation, and lcytely I{"REDERisKE has cleternaineci the ,absoltite x,'is-

cosity of the protoplasm of an anioeba with this methocl and compE red
ii.' xvitl} the viscosity founcl xvlien the anioeba xvas expe'irinientally treatecl

xv{th soine cheniicais,

    The xvriter niade soine observati,ons of tl}e B)roxvniaR inovenient:
in pollen niother cells xvith a v•iexv (leterniining?' the relative clian..o.'cs

iii th(-) viscosity tcil<iiig place duiriii.(.)' ii3itosis. (')bse.rvEttiotis xvei'c} EL]so

niacle in soinatic cells Å}'or coniparison. Cl-l}ey xvere 1)oth niacle durin.o'

the suniiner in ig2g and ig30.
    1')e.fore .o'oin.cr. furtliei' the "rriter xvishes to acl<noxvl eclge his inclebtecl-

ness t'o 1)roli. 'S.i'. If.<uxvADtx f,or his 1<inci su.cr.. .o,.,"esti< ns and c;riticism clurin..o.'

the course of the investigation.
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                      Material and method

    In pollen motlter cells in tke .LiZi>pm species there are i'nany granules

(cytosoines) of a fa,t-lil<e nature xxrhich stain red xvith Suclan III and

blacl< wit'h .ft 2 per cent. solution of osinic acicl. They ture o'Åí varioiis

sizes, but a.11 spherical in shape., and exhibit the Brownian movement
in the living' cytoplasm. In the present investigic tion L. sPecibs?i•m xxras

exclusively used as material for observation of pollen mother celist,
and staminate hairs of T2'czalesdanX'i.;i 7'c:fZesv"a for that of somatic cells.

    The principle of tlie niethocl of investigation acloptecl in this study

is baseci on SvEDBERG's fornitila:' governing the Birownian naovement
o.f a particle ii'i a ]necliuin,

                         Aetp :constant
iii xvhich .I-N is ainpliti/ide and 'o viscosity. 'I"lte viscoslty is thyis iriverse-•

ly proportional to the anitplitucle. rlll'o obtain the relative nLagnitucie

of t]ie amplitude or the extent of moveinent of a• gracntile, its image

xvas projected ancl plottecl on section paper at tlie level of the inicro--

scope stcag'e by means of an A. BBE's camera lucida every ,s seconds
for 2 minutes, except where otiierwise indicatecl. In the case where
the viscosity was so higlit that tlite granviles could nitove only to a sftitall

extent, the duration of the observation was lindtecl to a shorter perio(l

of tiine than 2 minutes iR order to avo{cl confusion of the points plottecl.

'I"he relative viscosity change at various stages wcrts determined by

comparin.cr the relative extents or ma, gnltudes oÅí the moveinent of the

granules thus obtainecl, i. e. the aretLs covered by the plotted points.

    If a granule lies very near the cell surface or the nuclear mem-
brane, or 1}as another granule "Tithin its "sphere of action ", the
IP)roxvnian movement "ndergoes ac niodification througli coMsion and
attraction. IR the present investig"ation, therefore,'those granules were
cliosen Åíor obseyva-t{on which were of a certain definite size, cabout

mediwn between the smallest ancl the iargest, and xvhich lay rather
near but at a clefinite clistance froin the cell surface, having no other
granLile xvithin tlieir sphere of action. Tliese grantiles are ccftJled
" stanclarcl granules " in the present paper.

    The movenient of gr.anuies smaller or larger than the standard
g'ranules was also tal<eii into consideration. In case the determination
of the sta.o'e of niitosis was diflflcult in the living state, it was inacle
at the encl of the observation by stainingny the material with aceto-carmine.

   I• Iii the observation in Ig3o, it was often iioticed that exceeclingly voltnninons granules
weye present iningled with snialier ones of varlous slzes, . In ig2g these lay.cre gtlanules were
fonnd only towards the end of the flowering season.

   2t iNBDEiulAI,DF.N's ILIanclb. cl. biQl. A}'beitsn]ethoclen, :Nbt. II, Teil -O,
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     The observEttions were made in a room at a practically constcki/it
temperature, about 2,sOC, so as to mal<e Åíhe error dtie to clian.o'e in teni-

perattire a,s llttie as possil)le (cf. I . and CLr. 'SL;SrEp,i?.i<, igi7 ; lll. NVi?.BER

and Isui. I:IoHENEGGEi<, ig2J"). I?or observation of pollen mother cells

pollen sacs of a young' anther xvere cautiously cut at one end xvith -c

sharp ]<nife and the polleiL mothc]r celis wc./re gnyently forced out oii

thein tog'ether xvith the antheir slinie on a slide glas.s. t"-L. n artificial

niediLun xvas not "secl. A Zi?.iss imniersion lens i/i2 ,and conipensatioii

ocular i2 were usecl.

                           Observatien

           I• Pollen mother cells in Lilium speciosum

                    l. Preliminary observations

    B)efol-(rvs. ellte.1'ill.cr. oll our. ]11ain subject, it is llecessELI'y to gixre t•l

brief account of some peculiarities noticecl during the ob$ervation of

pollen niother cells. In stacg'es prior to the synizesis, they are closely

pacl(ecl to.o'ether in the pollen sac and are• ang'ular in shape. I)uring

the synizesis ancl the following $tage o2'/ open spireme, the>r be.come
round in shape and sepcftrated fro!n one another. As is usually tl}e
case, the nucleus appears as an opaciue body einbeddecl in the cytoplasni,

x/Thich contains inany .o'ranules that ex]iibit tlie BroNvnia,n nioveniei)t•

The nucleo]tis appears ts a clull droplet in the niicleus, being rotinC! iii

shape usually, except ln the early stage of prophase, when it is not
infreqtiently lens-shapecl.

    At the first moment of observatiQn tmder the miciroscope, the
nucleus is usually seen as a honiogeneous opaqtte bocly, but it g'radually

shoxvs some inner structure. .The details of the structure, l]owever,
oxving to the fact thict the clifference between its refractive inclex ancl

that of the 1<aryolymph is too small, can not be cljscriminated so clearly

aRd distinctly as in fixed materials. XVhen the obseirvation is fuifthex'

continued under the microscope, the nucleus becomes att'ain opEc]ue
gradualiy and lts inner structLire fades axvay firoin sight. XVhen the

cells ar'e subjecteci to still long'er observ-catio.n, smal1 vacuoles appear

iR the cytoplasm, xvhich grow !arg"er and become conHuont xvitli oiic
another. This is a si.crn of clegenei'ation, as has been notecl by a
number of icuthors,
    TraBsient stoppage of the movemeRt of the granules is..:observed
at tlmes, xvhlch is folioNxTeci by a sudclen reactivation of t'he movenient,
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This phenomenon has been noticecl by IE.wAR'r (igo3)), ('ltx!Dui<ov (igio),

Ii'Ei<Ai<F.i< (ig3)o a) and othe]rs, ancl is regarclecl by these atithors as a

syn3ptom of protoplasm de.ogeneration. A consiclerable degree of seemin.o'

p]asmolysis (pseLiclopl,ftsmol>rsis) is also observecl (cf. X'AM.gyuA, {g26),

thoug'h not frequently, ancl tlien t.he g'ranules appear qulte inotionless.

In fixecl material we sometimes fincl pollen mother cells diffusely sta{necl.

3rhey seeni to be those cells xvhich had displayeci pseudol)lasniolysis

in their 'fyesh state. '
    XVhen -c poilen niother cell is ruptured at a point, the gr[tLnules
in the cytoplasni exhibit ]nore act{ve Brox/;nian inovenient thicn those

in the neighbomring intact cells, presenting a clear contrast to the latter.

fNnd also, if a cell is crushed uncler the cover g'lass by pressing it,
the ..o'ranules exclRcled .into the anther slhne ,are seen to ma- nifest more

active movenient than in the cell.

    1[t is very important ki deteri'ninations of the viscosity of the proto-

plastn to clisciriininate xvliether t'he niaterial uncler observiction is ln

the nornial healthy condit{on or not. 'rhis is not stich a difllicuit task,

hoxvever, if one is thoroti..o.'hly fainiliar wigh the pectiliarities nientionecl

above, ttlthough other necessary precautions not mentioned here must

of course also be tciken. ' '
                     2. Brownian movement

    .Z"rpPXolt•'n.e-s.ivz21'.'esi:s'. In st,ages prior to tlie synizesis tlie stanclarcl

..o.11ulules exllibk a slow r.otcltol-y lllovelllellt, l)1'eselltillg.` cl SiMlllerill..O'

app. earance cks tliey rotate. Ilfrlven the granules smalier tlian the standard

oties ELppecir not to show any vibyatory movement. I.n the stagejust
before the synizesis, when the nucleus sudclenly grows voluminously but
has the nuclear tiireacls 'still evenly disk`ibuted in it, the standard gi'an-

ules shoxv a combination of movements, rotatory ancl vibratory. Tliis
statt'e is met rather rarely, and it seems lil<ely that it is of very short.

cluration anci is in/imediately followed i5y the next stage, the synizesis.

    sS)'7zilzrsi:g. The nuclear threacls are clistributed on one side of the

nucleus, but the gi'anules iR the cytoplasm are evenly distribeted (Ilig'.

i). The standard .crranules generally show a rotatory niovenaent in
this. st'a.o.ge, altliough tliere are not seldom found some showin...o' a com-

biiied nioveinent of rotation and vibratlon xviih ic coniparatively large

amplitude, as i.g shown in Fig. 7.
    /)aclijilPii".. [r.n this stag'e tlie stanclard granules exhibit a vibratory

movement to the extent sho"rn in I.."i.o', ,g. (i}ranules ltur.o'er than the



       Viscosity Changes in the Cytoplasm auring Mitosis etc, 2o,s

standard ones shoxv t} conibination ot' vibration ancZ rotation, xx'hi]e
$inaller ones $1)oiv a clancing or ci rather active 'Broxvnian niiot'einent.

    LS'b'cPs/Z("7z.e a•nrl secoizd (;oizlfactibn. In the strepsitbne stage, the

stanclarci granules shoxv Bro"rnian inovement of a narr-oiv exteRt xvithout

any fixed direction (Fig. g). Tkey are found in ahnost the sac me state

of niox•'ement in the next stage,, that of the secohcl contraction, also
(.1;igs. 2 and io).

    IPi?x•lei'ncsils. 'rhe nvicleus t).ttains its inci.xiiitituiiLi N•'olutne in this stag'e

ancl almost all tlie granllles are forcecl to cluster ',xroupcl the nucleus.

They are, tl'ierefore, clense in distribuÅíion in the neighbourhoocl of tlict

nuclezis ancl thinner to"rards the periphersr of the cell (I-"ig, 3). Those

near tlie nucleus are generaliy found inotionless, though there are
ELmoiig.' tliem ,some g'i`anules rotatins,' or showinf)- a rotatory movement

accoinpanied by x,ibratioii. Those near the periphery ot' #he cell or

the cell surface show, on tlie other hand, 'Brownian niovement of a
narroxv extent (Fig. ii). Frdni these local var!ations in the extent or

inagnitude of the naovenient xve see that a less fiuid conciition is pro-

nounced iti the vicinity of the nucleus, and the fluidity beconies s,raclu-

ally greater as the perl,pliery of the cell is approacheci.

    .T7u>'tl contradl'!'on. XXThen tlie nuclear inenibrane disappears, thÅë

chromosomes come i]earer one anotlier to f()rm a nio. re or less compcact

group in tlie cei)tral re.o.'ioti oÅí the cell leaving a splierical zone free

froni g'ranules around the g"roup-tlie third contraction. '1"his spherical

hoinogeneous hyaline area is also observecl in nietaphase and anaphase

outside the spindle area. .4X.ssociated xvith the disappearance of thc

nuclear nienibrane another renaarkabie phenonienon is observed whick
xvas first noticed by SAKAnyLiuRA Gg27) in poilen niother celis in L!Z/Tu7n.

c;oncrolor. This i.s the aggregatioii of the cytosonies or granules in the

cytoplasni. It is observe-ci to take plttce a]so in L, tiS,r•7'i>ttiiii-. In these

plants,. ho"'oxrer, there are found soine s,ranules Nv]iich reniain in tlie

single state. These sit}gle g'raniiles appear at first si.g.rht to be inotion-

less, but close.r observcretion reveals that they are inoving xvith a slo"r

rotatory inoveinent, xvhich niay be acconapaniecl by xribration at soine
ineervals of time.

    116'l(rPlia•sc. rlke chromosoines foi`ming the central group rearrange

tlieniselv•e$ i,nto tl)e nuclear plate. -Xggre.g,fttes of granules consisting

of ten or so Erranules eacli are also observ-ed in this stage ELs in t'he
third contraction stage (I;"ig'. il.). .Sonie sitigle granules frree fi"oin

aggregation are also found. IR the inetaphase, jJi xvhich the cliroino-
sonies are arranged ln one plane, no perceptible clifiference is fonncl in
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tlie mode of moveinent of the single granules from that observed in
the third contraction stag-e. NVhen, hox/ ever, the process of cliv{$ion

proceeds ancl the chroniosome separation is about to be.o'in, the single

stranules show an active Brownian movement' of a somewhat larg'e
extent (1;i..o'. i2). The ag'gregates o'f granules also exhibit an active

dancing movement in this stage.
    Ana?51iasfr. The ag.o'regatioR of f}'raniiles does not entirely dis-

ft. ppear itz the anaphase, but beconies gradually less pronounced as the

clivision proceeds. The process of the loosing oE the graBules from
aggregation is observed uncler tke microscope. XVhile iR tlie metaplnc se

the aggreg'ates of granules are uniformiy found without ic ny localizatioR

iR the cell, in the anaphase, especittfly in tlie hcte icnapkase, they are

only conspicuous ln the vicinit;y oÅí tlie eqi/icatorial region, being now

less marl<ed in the polay region. Iig. i3 sliows an exanaple of the
move.ment of a single grat•aule in anaphase. The extent of the move-
nient varies in p]aces. Iii some cEses, a translftctional nioveinent of

granules is observed along the cell surface towards the pole. In the
course of this niovement the granules often exhiblt a zigzEg moveinent

xvhich is followed a.craiR by the translatibnal inoveinent. This hctter

movemeRt of the granzdes ]s pi"obably clue to ehe movement of the
cytoplasm. N7gTe aiso often come across a caseee where scarcely visible
tiBy particles founct at the poles exhibit such an act' ive aRcl qiiicl<

Brownian nkovement that it is iinpossible to Åíolloxv the direction of

their movemeiit.
    Telolbliase. The aggregation of gyanules is lost almost entirely at
about the tiine xvhen the claughter' nuclei are furnisheciL x•vith a iLew

inenibrane. rviost of the gyanules are now single and evenly distributed

in the cytoplcxsni. The nioven3en# of the standarcl granule ln tlais stas.}"e

is recorcled ln Fig'. i4.

    ltilerfv'n' esz3. In the intdrl<inesis, alinost al1 the granules undergo

a rearrang'ement so that they g'ather in two rows on both sides of.
the nexvly forinecl separtxting xv.iii. This behaviot.ir of the gyanules is

the sE nie as t!iat of st-c rch s,"rains cluring interl<inesis observed by ])trixNix'

(ig24) ifi (.[rrzinle.o"o biZoba ancl by I<uxvtxDtx (ig2g) in Cycas f'e7,olula.

I{"igs. i,s and i6 show Åíhe range of the moveinent oÅí the s,tan'dard

granules ln this statte, xvhen the granules exhibi# c vibratory niove-

lllellt.

    .L-fonzot./i'Pe 7nrr!a•P12a•se. 1 tiring the pe{`iod. from the interkinesi$

cloxvn to the nionient of the clisappearance o'E tlie nuclecftr nienibrane

!n the homotype clivision, the behaviozu' and inovement og the granuies
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is alniost the saine as in interkinesis, no discernible difference belng'

founcl aniong' these stag`es, NVhen the nuclear inembi'ane has disap-
peared, however, the a.g'g'reg'ation of grat]ules occ"rs again as in the

heterotype metapliase (Iiig. s). Some unas,gregated granules are aiso
foun(l, ancl they show an Ective Brownian movement of aimost the
same range as that observeCl in the heterotype meticphase (Fjg. i7:
comp. with Fig. i2). The xcggregared granuies are founct ln a state
of active jostling and tremidous movement,
    I-7om.oif.iPe g'eloPltase. NVhen the telophase is entered, the ag. g'rega-

tion disappears a-nd the granules, now• single, are distribiited evei}ly in

the cytoplasm. They move abotit within relatively confined limits as
recordecl in Fig. ig.

    I-oivn.a Polleii .o'rai'ns: The granules are fozmd clistribut'ed evenly

in the cytoplasm, bkit, compared with those in the heterotype and homo-
type dlvisions they are clearly fewer in number (FiE)-. 6). 'l'he staRdard

granules generally show a combination of rotation and vibration, al-
though not seldom some oÅí them are observed iinovlng with a Brownian
movement of verv narrow extent.
                J
    Some noteworthy facts concerning tlie g'ranule a.ggreg'ation, ob-

served in the present investigation, wil[1 be mentioned below. As
described in the foregoing pages, the ag"gregation of granules occurs
in the third contraction, metaphase and anaphase ln both mitoses,
heterotype and homotype, as a characteristic feature of the stag'es
w• here the iiuclear inembrane has disappeared so that the cytoplasm
may have mingled with the karyolymph. Such an aggregation niay
occasionally be observed also in the staLge•s where tlie l<aryolymph ancl

cytoplasm are distinctly separated from ecach other by the nuciear
membrane sucli as in the open splreme, dial<inesis and tetrad, it being
observed much oftner ln the clial<inesis them in the other stages. The

aggregation, however, tal<es place in these stcage$ to a much lesser
extent tkan in those stages where the nuclecar inembrane has entirely
Clisappeared, botl} the aggregations and tlieir constitueltt granules being

very intich reclLiced in nuniber. In synizetic nuciei we sometimes come
.across a case where the niicleai' niembrane is accictentall.v ruptured so

that the 1<at-yolyinph conies clirectly in contact with the cytoplasm. In

thls case some granules occEsionally happen to enter into this rupturecl
nuclei}s and e"xhibit an acti\re IBroxvnian nioveinen#in it (I is.s. 2o a, b).

'1'h{s srixre$ an idea of tlie l}ig'kly liquicl naLLure of tlie 1<arsrolyinph cas

coinparecl xvith the .surrouncling c>rtoplttsni, althotis,h it inust be con--

siclcrecl that this hig'hly liqui<il state iitiay in part be due to cleterioration
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of tbe l<aryolyinph c.ausecl by the rupture- of- the nuclear inenibrane..
xK.fter a fexv minutes soike of these g'ranules aggregate in s}'roup$ "rhicli

present a trennulous nioveinent, tA.t thib' tiine, granules i'ouncl outside

thg nucleus also forni agg'regations xvhich niove treniulously.

    X,Xihen the cell xvall is rupturecl ancl the conta,ined granules are

throxvn out into tl)e sliine sap of the anther, they exhibit aR active
'I'>roxvnian nioxrenietit of ck xvidcr range than in the cell (Il;'igs. 2i tt, b).

Tkis inovenient shoxvs that the slime sap is less viscous than tlie
cyotoplasni in the I)olle-n inother cells.. The .o'ranules forni i]o as,"gres,a-

tlon at all in the slkne sap of the anther.

            II• Staminate hairs of Tradescantia reflexa

    Ol)servatiolls Nvere 111clde ill .1 lllediulll collsistills,' of tL 3 pL'!' .cellt.

canc sus.ar soltiti.on. In this inaterial tliLere are tiound in the cytopiaisin

no g'rantdes of a size suitable for accurate observation oÅí their ]nove-

inent, btTt iiiunerous niinute niicrosonies xvhich exhibit a Il3rownian•

niovement. I.n the present stucly the nioveinent of these niicrosoines

xvas investigatecl. . .    In celis in prophELse in the apical part of the hetir, tl}e naicrosoines

shoxv a Brox•iLrnita.n i:tioveiTiTiettt of a narroxv ransre. Iiii tlite nGettt-anapliLase

$tag`e xvllei`e tlle sistel- chl`omosollles al'e jllst sepELI'atillg fl'olR ec'LCII

other, they exliLii[)it an active BroxvniEtn n-ioveinent oÅí a "Ti{iler ransre.

t'/o such aggregation as that founcl ilt the case of the granuies in pollen

inotker cells is found in this case of niicrosomes throughoRt all the
sticg'es of mitosis. X•Vhen tlae division reaclaes the interphase stage,

the inovement of the microsomes seems eo be less active.
    A•Iitotic figures are usucxlly fotincl in cells situcated in the apical part

of the hair, l>ut calt not lnfrequently also be t"ouncl in thelourtlii, or

fiftb, ancl in rare cases even in the eighth cell froin the tip. In a hair

consisting of 2o cells, it. xvas observed that in the fit'th cell xvhich Nvas

clividing, ancl in anaphase, there appeared t-o exist no streaming in the

c>ttoplasnTi at ttll, xviiLile in the txvo .adjacent non-clixricling cells on both

si.cles oÅí it a clear streeuning inovenaent of the microsomes was founci.

.[n other instances too, no streanaing of the protopla$in coulcl be observ-

ed in cells in the divicling' state, aiid if tliere is any,iL' is a very inert

one. [Irhis result of observ,ation is in accorcl xviith Sci-itxEDE's observa-•

t'ion (Scf-iAEDE, ic)2s b). In one c.ase, a cell in xvhicl} the nucletis xvas

in a late telopha$e ancl ovoidal in shape Nvas subjectecl to long- observca--

tion. In this cell iio streaniing in6veinent of naicrosoTnes xvas Å}louncl

at the l)es,inningr of the observation. A.fLer about an hotn' the nticleiis
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xvtLs oE spherical shape fand in the " restingt " stage, ancl the streaniing

movement of the microsome.s xvas then eviclent alongr the periphery o'f
the vcacuoles, Generally, tlie streaniing' i$ inore proniinent in a cell
near ti}e batsal part of tlae hair, ancl clivision figures are not fotnicl in

cell$ in w•hich thc cell sap is coloured })urpie. '

                          Discussion

    .Fron] l]ls <•)bservatioiL o.f. the l.e;roxvtrtic'Ln niiovenrtcnt ih ivrc'trious n:itv

tetials, 'l.kB)i..oiN{) (igi( a, b) reached ehe conclLision that tke protoplasni

is generally of a niore fittid consistency in its active state, such as in

division and fertilization. This phenoinenon of liquefaction tetl<kig place

cluring the activity of the cell is recognized by niany authc)rs.

    Ifn the obserxi'ations de.scribect abo.vc, it ha$ been shoxv'n that in
polleni mother cells oÅ}' L.t'zazivi s/5t.rciL)su77i there are niar]<ed perioclic

changes in the cytoplasmic viscosity during niitosis, both heterotyl)e
ancl homotype, that is, a fall in the stasres of late inetaphase and ana--

phase ancl a ri,se ln the folloxvinsr stages. Such a fall in cytoplasniic

viscosity ln tlie stag'e ot' chromosome separation cttn also be i-ecos,Riz--

ecl to tal<e place in staniinate hair celis of Zlr(vtlesca7zXilr• •rcilfexcx. This

result o.f observeLtion is fairly in agree'nicnt xvith tbat obtained by
S'ri{tiLNGEwAys (ig2.3) ln an animal. I-Ie states thtLt " citiring tl]e process

of division the grttnules have been in a state of active nioveineiit fol-

lowin.o' froni one side or other of the. txvo protoplasinic maigses," '1"he.

result obtained tlirough the centriftigcxl method by .IntIEiLBRuNN (ig2i)

froi:i:t Czt•i7ii'ns)'i??f• eggs sho"r-.s that in both n]aturation divisions ancl

cleavage the protoplasmic viscosity increases jus.t before t]ie appearancc

of t]ie spindle, fol]oxvecl by a sharp decrease in viscosity. Generalizing

the results obtained in lais centrifusral cxpgriinents oi} polien niother
cells of .,VlcoXi?uia la•brxc?t7n, il<os'roFF (ig.n)o) .says that "there is an

increEmse of CV occurring- cluring the prophase ancl cliakinesis followed

by a decreasci, in the heterotype nietaphEtse ancl eEirly anaphase ancl
ttnot.hcr increase during the•late anaphaso ancl telophase, the stune cycle

being repeate('1 in the honiotypc division ".t SEiFRiz (ig2o) and Ci{tx"ti-

BEi<s (ig2i)2 also reached the sEune conclusion ln their niicrociissection

experinients, (though it niust loe 1<ept in niinci that the insertion ofa

glass needle into the ce.ll inay hax•'e causecl a chan.ge in the cytoplasniic

i. CV=:cytoplasmic vi.sco$lty.

2• . I-Ie caine to the op!)osite c•}ncgttsivn in his tlr$t expeviinL,nt (Cji,s.Mi;ERs, ig2o>,
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xrisc,osity), tliat there is a iiaa.ll in the 1])rJtoplasiititic x,'i.$cosit'y d!.iring tJlie

ELI]II)hi.'tst(-)lr stcls,'e,

    lllAhe viscosity }L;aries not <)nly xs,Titlt the stages. tltiring' nititos. Is, but

also in cliffereirit rc}g-ions iit tlte cell, as is cleairly shoxvi:i in diti.kinc}sis.

1iiL this stage Ei. Iess fluid coiitditi{i)n is pronouncecl iiit tlne vicinit>r o'f the

nucleus ancl a inore fiuid conclition in the p(.,ripheral region.

    CIrhe result xve obtained, that the viscosity inarl<eclly rises in the
diakinesi,s, is in accord xxrith the result of I'ilEiLBRuix'ix' (ig2o, ig2r) that

the forniat]:on c)f the spindle is precede.cl by a n?arl<ed incre.ase ('}E vi.scosity

in the c'ytoplasi:{i. 'Bi.it the fact tlt2i.t siich a viscosity increase xxras n<.)t

'founcl iii; the cor]responding sttage ii"i the hoinotype clivisioi:L seeins to

eshoxv that a .o'eneretlizat.ion oÅí this relation bet"reen tlie spinclle t`orina-

tii`)n ancl tlie. inciiease of viscos.ity it] tlrLe stag'e iinn'iecliate.1.y preceiding

it is pireinature. It also se.enis to be xvorth xvl}i]e inentioning' thtet in

s>ynizesis, Nvhere- the itticlc}tis g'roxvs inExrl<ecily in xxolun]e i).s in diakinesi,s,

no disce'riti})le cl}E.i.uge iiit viscosity xv'as foun{zl. IL-he principEi.l pi'ocess

taking place mtty be thc saine in these cases, bttt ()ther factors peculiar

to e.ach s.tagc niiight restilt in {:liffcn-ent phcinoniena. .t•',X..ft]er the. t'orinati(/>n

o'f the spindlL', there occtur,s a conspicuous de.crease. in the viscosity of'

th(//) si.u"roi.incling cytopla$n"i. Ilrltis .se(iL)iiLits to sitoxv tlitat the spindle

foirnrtation is re]ate(1 in s<.miie way or other to tlzLe n:tarl<ed c{ecrease in tl•ie

cytop]ttslll:lic ]Lriscosity.

    I'Iii;TLBi<uNiN (it)2i) exp]ains tlie relation 1}cbtxveen the s])'indlc'/ forina-

tion ancl ti){z} viscosity dec.rcLtLse in tinc cyt:oplEtsiii b.y the- E}sstin:il],tion

that the spincllle is f.oriti{F.,cl as tL iresi.ilt of co.ag).'ulti.tion ()f the spindlc?:

subs. tance. Il.'he sl)inclle ali}}])ears really to be 'firiner in its coiisi$tency

tlian the stunro' tmdinlr cytoplasm, tLs is seten thronii the fact observe<l hi

celltl"ifug.)'cll ci.xl)erinlents (I.ILI.IE, Igoc; x'-X..NDI<E"'s, lgls) as. xx'ell as

catapl-ioresis experiinent's (X,Xr.xi<tNytxiT,x)t that tl]e spindle is clriNren toxvarcls

tlie directiot of 'force as a complete entity, and the fact thett it undergoes

onl}r tt sligl.Lt clefori'nEi.tion ex,en Nvheiit it hats l)ce.iri pvishecl by cc"ntri{li.if.ra,1

force af.rainst tli{{}. ce.ll xx'all, txs "'as o}/Jservecl by the xvriter hin:iselii' iirt his.

unpublishdd ex.perknents (ig26-27). Accorcling to ,ScgAEDi," (Eg2s a,
ig2g), the spin(ille is composed (r)f]amellae and an k?tra-lamnao]lar fiuicl

siibstttnce, the systeni beintsr of eL solicl nature as a xxrhole. IL'hls vieNxr o'f

ScHtxEDE that the s.lpindle is partly o'f a liuid n.attire is supported ])y

IBrtLAI?s observation of a 'fexv minute graiaules in tha• spindle in
staniinate haiir cells oir 7.)'n:cl('st'an!!?p 7,!'r.<ri'7ti?'a, (I')ir;i.""(, ig3c), xvhich

i. Cilcd froin I;uJll (Ig26).
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shuxx' a niore fL'ee inoveinent along the clirection parallel to the lon.c..r

axis of the sp.indle tlaan tllon.cg" other directions, a fact xvhiclils equally

'faNrourabie to 'I/l]E.:LA/NVs view that the spindle is of a fibrous structure.

XX'e, are, at preserit, not intencling' to discuss the probleni Å}'urther, but

inerely to point oi.it here that in connecticn xNritli tliis pro}[)lein of

v'iscosit),r cliau'if.)'e in the cytopl,rL/giii cluriii{r iitiitosis, it is ver>r desirable

that observc'itions of the 'Broxxrnian inovenient in the nkicleus' such a.s
those niade by (iAiDui<ov (igo6) in Tr(ulcscan.li?i• z,i>'sJz>ii'c'd, by Gi<oss

(igi7) in Lt>7zn('(v st•a.onci•lls and by 'l'.EpEg..cni<iN (ig2.;) in (/lti'c(x tli'o2.?'(r,

ll-'iiri?p fa.ba., f'(w'aiiieci'uni. a!t•i'eli?x etc. shotilcl be inade "rith ni.icle{ in

different stasre,s, if possil)le.

    In staminate 1iairs of .7>'atle's("(uiti?i, •i'eflevx'(r, no clec"tr .streaminsr of

the. protoplaEin i's rec(),g'nizal)le in t.he dividing' cells. X•V'ith regarcl to

tliis phenonienon ol)served in .Tra•cle'secpiiti?p "di•)'s,i:iti2'(x• SciiAEDE (ig2s b)

stcktes : " ' I)ELs x'X.ufhb'ren cler raschen Zirl<ulation IEisst sich cladtir('rh

erklEtrei), class der ll<ern ft'tr sei.ne Volunicuizunahine eincr' A.ufnahine von

'ISItlssis,l<eit bedarf, die ihi"ii clas 1,l.)itti$iitia lie,feriit inviss, zuid Claclvircl'i n:iag

es dicl<fiUssiger iind zLi .schnellet' Strilinun/.?' unfEthig "•rercien." (1)ur

l<noxxrledge Etg to the catise• of the protoplasinic streaining is, lio"revc,r,

ineagre as yet, and xve haN'e no iclea as to x/ hat causal relation exist'b'

be,tx•vec}n the stopl)ing of $troaiiiing' aitd tlie initiation (.}f, initosis, tliough

XVe nllEl.Y l)(Ll'hELI)S SttY th?.Lt t]l{T. f(J}litl3C)lr i)11el)OltlCl}Ollt lllUSt SC)rV(). ELS ELII

knportant cluci. to the study of tlie latter.

    'In Li'li:2t•in. species, at lc'ast, the aggregation of fat granulcLs is a

peculict' r p]ienoinenon in the inetaphase anct its adjacent stage,s, the thircl

contracti(]}n ancl e.arly anaphase, in botli heterot}rl>e ancl hoinotypci di-

visions in polleB niother cel]s. 'i'his ag'gregation is sonietinies also
foi.in{/'1 ii"t the cli',i.l<inosis, and, iL;crLxr rarclFr,'"i" tlLe. opcin .spirenie stag(s

aticl iri tetrad ce]ls. 'It is also obse.riLred iR the synizesis iii' tliLe nziclear

ineinbrane has been rLipturecl acciclentally. SAKA"iui<A ( i g27) has skoxvn

by his experknent that scattterecl cytosonies (callecl " g'ranules " in this

paper) in tetriad cells in LfZi>t7n. c'oi'al!Jr`loli'!ifn• can be cELused to foi'in

tLs,'s,'r()g'Ettioiis by passing COL, ..o'as tl)rough the inodiuin in w'hich the

cell.s hax•,e been motmted, cincl thett this etg"greg'atecl condition c.'tn 1)c

brou..o'ht bacl< a.o'ain to tlie scattered condition by replacins,' tl}e CO`.,

gas xvith ak" free froin it. 'Froin this result, he re.,o,'.ards the change in

h>'•rd. rog'c/n ion cottcenk'ation as one. of the caiases of the. cytoso. iiie Ets,'Lg'i'c}-

gration. The agf.rregration we• obse.rve.d in cells with ruptured $ytiize.ti(x

nuclei inay also be reg'arded as due to a chang'e in die hyclrog)'on ion
col]celltl'ELtioll ill tll() cytoplELslll cELus.eci l)y tLll jlljlll'ious colKliti(/m as-



2i2 1<. K.A'r6:w--
sociatecl xvitli the rtq)ture of the nllclear ]nenibranc. In tl)e report on

their niict'urgical investigation inacte with starfish egg's, CfitxAfBEi<s a. nd

I)ox.LAci< (ig27) express the vlew that the injury caused by repettted

thrtists of a niicro-needle into the c}rtoplasin c.auses cytolysis which

results in the rapicl production of an acid ,and iti the loxvering of the

cs)'tbpiasnriic plLII value. '1"1ie ags,r(,)sfation phenoinei:;on observed in ap•-

parently intact cells xvith nuclei in dial<inesis etnd the open spireine

,stages, and in those oÅ}' young pollen tetracls may also be lool<ed upon

as clue to a chansre in hydyogen i,on concentration in the cell, catised
by Ei. certain i.inliLettlthy condition.

                          Summary

i. The viscosity changes in the cytoplasni during- niitosis xvas stuc{ied,

the Brow•nian inoveinent of the granules contained ln it' being tal<en
as the indicant: ll?ollen niotlier cells oÅí LiZi:u•m. sLirbeJcibs?e•ni xvere used

as •niat'ei"ial t'or the inain observation, a}icl sttuninate liairs o'f Ti'w(lersc(uiti2i•

rf:11te.x'(v for c()nipErison.

2, In botli heterotype ancl lzoniotype divisions recogfnizttbl(l, cl}anges

in viscosity are observable. 'In tlie heterotype divi,sion the visco.sity

incret•tses in diakinesis as coniparecl xvith that seen in t'he prÅëcecling

stasres in prolphase, ancl pronouncedly decrecases in the late inetaphetse

ancl early anaphzLse, thiis being' folloxved by another prog'ressive iRcrcsase

in the late anal)hase and telophase. Siinilar changes are also obserx;ed

in the homotype division except in the stage corresponcling to dica-•
1<inesis.

r). ].ocal difference in viscosity is iround in diakinesis, the viscous
state nio$t niEtrl<edly pronouiiicecl in the vicinity of the nucleus anc{

g'radually l)econiiBg less so as the periphery of the cell i,s approachecl.

4. XNI'hen the nucle.ar nieinbrcxne is accident.a[11y rtiptured, and soine

graniiles in the cytopletsni happen to enter into the nucleus, they move
xvitln a inore•active I3rowrniitn inovenient than in the cytoplasni. 11"his

fact' shoxvs that the l<aryolsriiiipli is less vjscous t"1)an tl}e cytol,jas!n,

but it renaain:s uncleternikied xvhether t}}is is the natural state or an

xu]natural one ccau$ed by {]lte injury.

,s. In staniinate hairs of 7]raalescanli?i •r(:fl(J.x'a• too, Broxvnic'Ln inovenient

of inicrosonies is founcl inost pronounced in nietaphase ancl anaphase.

2tXs polnted oLit by Sci-iAEi)is streaming of the protoplasm is not ob-

servecl in the dividing cells w•here the spindl.e figure is ol)servecl.

6. In pollen nnother cells the ag'.ogyes,'ation o'f granules, 'first obseyved
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by StxKt"L{uRA ln the heterotype n3etaplnc se ancl anaphase, is occasioriaily

obse'rvecl in the open spirenie stage, dial<inesis, canci in tetrads, ancl also

in the stag'e of synizesis if the nuclear, nien]brane is acciclentally rtip--

                                               '
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                          Explanation of Pl. III
                                             tt
     ]Sisrs. i-5 tiye niicvophoto.rrraph,t of pollen inothet- cells in Z]i7iuni sPecibsvtin, and i;i,g.

6 is tl)at of pollen grttln.s in the snn}e plant. Iit'Iattnification in all ligures: ca. i700Å~41S.

     !?its. i. .Synizesis; showin.ff.. granules evenly dist'ributed in t'he cytoplasni. .•X vacuole

i{ found in the nucleoltis.

     iSig. 2. Sec)nd cuntr'actioil; sho"'ing t'he san]e.

     I?ig. 3. r)ialcinesis; showing.cr.ranules distribLitecl clenser ilt the vicinity of the nticletis

than near tlie periphery of the cell.

     I/'igr. 4. .l'Ieterotype metaphase ; sho"ring ag.gregation of gvanules. N'ote slng.le. gianules

found among. tlie ag.gregat'es of granules.

     ];'ig. s. I-Ionibtype nietaphase; shosving thc: ag.,greg,ation of ..crranules.

    1'?is.. 6. S.ho,vinr.r gt"anules n]:trlt'edly dimi'nis.hed in immber ttnd dist'ribnted evep]y ;.n

the cytrolSlasm.

the

ill

                       Explanation of PI. IV
                                               '                                            '
  Fi.(.Ts. 7-2ir. j)LII iigLires'are enlarttements to Å~4 froni the oviginnl plotting., ench shosving

 extent of the inovement in the c>rtoplasin except I;l.crs. 2o and 2i (see below) of a t.vranule

tlie po]len inotlier cell in Li7r'nnt sPeeibs7tin.

  I?ig.. 7. SyBizesis.

  IFi..cr.. 8. I'achytetie.

  ];icr.. 9. Strepsite.ne.

  If'ig. ;•o. Second coiitraetion.

  I?iny... T{. Dial<inesis ;' g•rrftnule near the cell stu'face.

  I;ig. i2. 1'[eterotype ]netaphase.

  X?ig. i3. I'Ieterotype anap]iase.

  Zig.. Iii. I'Ieterotype telophase.

  I?igs. Is. and i6. Inte:kinesis.

  Fig. i7. ilon)otype inelaph:se.
  ]?i.cr,. i8. II'oniotype anaphase.

  'I:i,.z i(/). I'Ilomotype teiophase.

  Itigs. 2oa, b. IR rupttirecl nuclei in synizesis.

  Figs. 2I n, b. In s'Iime snp fvein t}ie anther.
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