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    The problem of cell division is olte of the fgndamental problems in biology.
Indeed, it has been stEdied in detail from morphological view points, but rather
a little is known as tp the physiological conditions which bying about tke cell
divisions in plant tlssues. Thougk it has been reported that the cell divisions
are indgced by some active substaRces or physical agents (HABE.i.<LANDT, 1923;
GvRwiTschT, 1926 ; ffAMMF.'rr, 1929 ; BeNNER and ENGusH, 1938 ; THiMANN, 1952 ;
and others), tke causal factors or conditions necessary for the initiation of the
cell divisions are not confirmed yet.
    In the storage tissues of some plant species, permanent tissue cells recover
theiy meristematic activity when tlte tissues are cut, while this does Rot occur
in other species. Based on tkis fact, it seems to be possible to analyse the
conditions necessary for tlie initiation of cell division by checl<ing various
histochemical changes that occttr in the tissues after cutting. A series of
reports along this line has already been published by the preseRt author (BABA,
1953, i955, 1956, 1958, 1960a and b). The preseRt investigation is aimed at, in
tlke gr.qt place, a determination of the mitotic index after the cutting, and in
the second place, a study to see whether anaerobiosis or some chemicals rnay
cause any changes in the m!totic IRdex, and finally, it offers some considerations
on probab}e coBditions for the inleiatioR of the cell divisions during the woun(l
peridasLrm formation.

                          Materia}s and Methods

    Tubers of Solanum tscberosunt and Heliantl•uts tuberosus, and roots of Rapltanus
sat•ivus were used as tke materials for the study of mitotic index during the
wound periderm formation in tke same manner as used in the previous studies.
(BABA, 1953, 1955, 2956, 1958, l960a and b). MaÅíerials, cut with a sharp knife,
were kept in air satttrated with moisture at a temperature of 300C for 24, 48,
72 and 96 hours. From these tlssue blocks as we!l as from a freshly made
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tissue block, thin sections of tke injured tissues were made rectangular to the
cut surface. Sections were fixed with a NAvAsmN's fluid or a BouiN's fluid and
stained witk a acetocarmine fiuid. The peymanent preparations thus perepared
were observed under a microscope. Parenchymatous cells located witltin the
range of 0.5mm in thickness from the cut surface inward were obseyved
exclusiveiy, and, among these ce}1$, those approximately recognizable as either
in the resting stage or prophase, or metaphase, or anaphase, or telophase, were
counted separately. Mitotic index was expressed by the ratio of dividing cells
number to the total cells number in percentage.
    As tubers of Solanum tuberosKm, among the materials used so far, show a
remarkable recovery of meristematic activity by cutting, they are suitab}e to
study the effects of some chemicals on the occuryence of celi division during
the wound periderrn formatlon (cf. BABA, 1953, 1955, 1956, 1958, 1960a aRd b).
Therefore, they were used as the present materlai. Just prior to the treatment
with the chemicals, each tuber was cut into kalves. One piece was used as a
test sample and another as a control one.
    To study the effect of anaerobiosis, N2 gas was used. Immediately after
the cuttiRg, the test sample was placed in a container fi}led with 100."o! N2 gas
saturated with moisture at a temperature of 300C and was kept for g6 kottrs
in this condition. The contrel sampie was placed and kept in air saturated
with moisture under the same conditions for the same period.
    For the study of the effects of chemicals, the sample was givefi the tx-eat-
}nent described below immediateiy after cutting, and subsequently they were
maiRtained ln air saturated with moisture for 96 hours at a temperature of
30"C. Chemicals used in this expeyiment are respiratory inhibitors such as
potassium cyanide, sodium diethyldithiocarbamate and sodiupa fluoride, and
enzyme substrates suck as pyrocatechol, l-ascorbic acid aRd cytochrome C.
Concentrations of the solutions of these chemicals are sltown in Table 2. Each
chemical was dissolved in a M/30 phosphate buffer solution at pH 6.0, and the
pH values of the solutions of these chemicals with the exception of potassium
cyanide and l-ascorbic acid were pll 6.0. As for potassium cyanide and l-
ascorbic acid, their pH values at finai concentration in the M/30 phosphate
buffer solution were pH 7.0 and pH 5.0 respectiveiy. Immediateiy after the
cutting, the test samples were dipped in one of tke aboxre solutions and were
placed under a xracuum of about 3mm Hg for 5 minutes so as to have the
solution penetrated iRto the injured cells on the cut surface and into the inter-
cellu}ar space near the surface. After tke xracuum was brol<en, the samples
were pickred up out of the solutions and were placed in air saturated vvTith
moisture for 96 hours at a temperature of 300C. The control samples were
similarly treated in the M/30 phosphate buffer solution, and subsequently, they
were kept in the same condition as in the case of the test sample. In all
these samp}es thus prepared, the mitotic index was determined in the manner
described in the previous paeragraph.



              Histochemical Studies of Wound Periderm Formation, VII 97

                                Results

   i) Mitotic index.

   Changes in mitotic indices within 96 houys after the cutting 2n Solanum,
Heliantl•tus and RaPhanus are shown in Table 1.
   In Solanum, dividing cells were not observed in the material immediately
after the cutting, but a few cells in prophase stage were found at 24 hours
aftei' the cutting <cf. Figs. 3-4), showing a mitetic index of e.39o!. In the
materials at 48 hours and 72 hours afSer the cutting, dividiRg cells in the
prophase, metaphase and anaphase stage (cf. Figs. 3-8) were observed iR the
greatest Bumber and those in telophase stage (cf. Figs. 9-10) were also observed,
and tlte mitotic index reacked as high as 5.896 in both cases. In Åíhe material
at 96 hours after the cutting, though the dividing cells in prophase, metaphase
and anaphase stage were somewhat less than those at 48 and 72 hours, those
iR telophase stage were in the greatest number, and the mitotic index was
4.9/Oip!. In Neliantltus, Ro dividing cells were observed in the material within
24 hours after the cutting. In the material at 48 hours after the cutting,
dividing cells in propltase and metaphase stage (cf. Figs. 12-14) were observed
for the first time. Subsequently, with the lapse of time after the cutting,
increasing numbers of dividing cells in prophase, metaphase, anaphase and
telophase (cf. Figs. 12-16) were observed. In the material at 96 hours after

   Table 1. Changes in mitotic index of tissue cells within 96 hours after the cutting
      in Solanum tuberosum, ffelianthus tecberosus and RaPhanui sativus•
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the cuttlllg, the mitotic index was found to be 2.5.0.o!.
    Mitotic figures found in tke wounded tissue in the course of wound peri-
derm formation in Solanum and Helianthus are shown in Figures 1-16.
    ContraTy to the cases of Sotanum and HeZianth.us, no recognizable figure of
cell division was observed in RaPhanus witkin 96 hours after the cutt!ng.

    ii) Eff ect s of anaerobiosis and so7ne chemicals on 7nitotic kidex.

    Mitotic indices at 96 hours after the cutting in Solam{7•n treated with some
chemicals immediately after the cutting are shown in Tab!e 2.
    As shown in Tab}e 2, cell division was not observed at a}1 in the mater!als
malntained in an anaerobic condition with N2 gas, while a number of cell
divisions were observed in the contro} materials, showing a mkotic index of
4.5.".o! (cf. Figs. 17 and 18).

    A potassium cyanide solution at the concentration of M/1,000i) did Rot
show any effect oR mitoÅíic index as compared with the control. When treated
with a solution of M/50, the material showed a lower mitotic index as corn-
pared with the control one (cf. Figs..19 and 20).
    In tke case of sodium diethyldithiocarbamate, the mitotic index in the
treated sample showed a slightly lower value.v as coinpared with that in the
control one at the concentration of Mg•'300E>, aR(l it showed a definite decrease
at the concentration of M/100 (cf. Figs. 21-22).
   Sodium fluoride caused a rotting of the wotmd region in tke tese sa!nple
at the concentration of M/IOOi). At the concentration of Mf"1,000, hardly any
dlfference was found IR the rnitotic ifidex between the test axxd control samples
(cf. Figs. 23-24).

   The treatrrieRt witk pyrocathecho} solution brought about a slight increase
ln the mitotic index in the treated sample as compared with the control at
tke concentration of O.0227M. This is the coRcentratlon at wkich SiMoNDs et
al. (1953) demonstrated the e.timulation of wound healing action by these
chemicals. In ehe case where a solution of M/500 was used, the mkotic index
skowed a hlgher value tkaR in the case of O.0227M (cf. Figs. 25-26).
   By treating the test sample wiÅíh tke M/300 l-ascorblc acid solutions, the
mitotic iltdex showed a slighrly higher value as compared with that of the
contrel. The mitotic iRdex treated with a M/100 solution was of a higher
value thaR that of tke sample treated with a M/300 solution (cf. Figs. 27-28>.
   Ixx tke case of iM/2,000 cytochrome C solution, the mitoeic index of the test

sample did not show a remarkable difference as compared with that of the
contrei <cf. Figs. 29-30).

   Figures 17-30 show the effects of aRaerobiQsis and some chemicals en the
wound periderm formation described above.

   1> This is the same concentration as used in the previous study for respiratory inhibi-
tion (BABA, 196ea).
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                                 Discussions

    In multicellular organisms, the cell multlplication is the fundameRtal ln

many biological phenomena such as growth, entogenesis, morphogenesis or
cellular differentiatioR. In tkis sense, cell division is one of the most funda-

mental problems in biology. Though, this pkenomenon has been .etudied very
well by ngmerous investigators from the morphological peiRt of view in the
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fields of cytology and karyoiogy, the inveJqtigatioBs on this pkenomeneR have
been carrled out only by a small number of investigators frorn tke angles of
causa} analysis of tke initiation of the ce!l divisiens. ConcerniRg the initiation

of the cell divisions in plants, it ha". been pointed out that tke cel}s have a
potency necessary for the cell dlvlsions, however, they do not enter lnto the
cell divisions unless they obtain the suitable "Faktore!i" (cf. Gvp.wza"scif., i926 ;

BtiNNi.NG, 1953). From the re$ults of tke inhibitory studies in animal cells, on
the other hand, it has been found that an aerobic "procesq." i$ necessary for
the cells to enter mitosis (BuLrouG}i, 1949;and otkers). Though it kas been
definitely shown by the experimental studies in plant tissues that some active
substances or pkysical agents induce the cell divisions (ffABERLANDT, 1923;
GuRwiTsc}'i, 1926; ffANipti((..ETT, 1929 ; BorgN. /ER and ENGusll, 1938 ; Tm}iot[_AbTN, 1957;

and others), the causal factors or conditions necessary for the 2nitiation of Åíhe
cell divlsions in higher plants are not clearly confirmed yet.
   In higher plant cells after injury, tke recovery of tke mitotic activity of
the cell divisions in parenchymatous tissues is observed in tlte storage tissues
of some p}ants, while, such recovery }s not observed in those of other plants.
By comparing the physiologlcal and cytochemical ckanges after the cuttin.o
between the former sÅíorage tissues and the latter ones and by investigating
those changes iR advance of and accompaxxying the iRitiation of the cell division$
duying the wound periderm formation in the former case, it is prcbably possible
to analyze tke probable physiological conditioi3s of the initiation ef tks cell
divislons. Judging from this point of view, ;pentioned above, some conside-ra-
tions en probable coRditions of the inltiation of cell divisions dgring tlie wound

periderm formation will be made be}ow.

   Immediately after the cutting, Radi-oxidase, pyrocatecho} oxidase, P-cresol
oxidase, dopa-oxidase and ascorbic acid oxidase show a pcsitive reaction in
Solantenz and Helia?ttltus, whereas, tkey do not show a positive reaction in
RaPha•ny.s (BABA, 1953, 1955, 1958 and 1960b). In these inves•tigations, though
the cel} divi.oions are observed in tke former two materials dui'!ng the wound
per'iderm formation, they are not observed in the la'tter one.

   Befoye the occurrence of the ce!I divisions during the wound perideym
formation in Solanu•m aRd Helianthass, the foilowing remarkab}e changes are
detected (BABA, 1953, 1955, 1956, 1958, 1960aandb): Tke increase oÅí the
activities of nadi-oxidase, pyrocatechol oxidase, ascorbic aci(l oxidRse, peroxidase,

catalase and dehydrogenases, tke increase of tke respiratory activity, the
lowering of pH value, the decrease of the amount of ascorbic acid. Ameng
these changes, however, the changes in tke activities of peroxidase, catalase
and dehydrogenase and the change of respiratory activity show tke similar
tendency to those of Rapliames, iB which cell divisioRs are Rot observed after
the cuteing.
    In advance of and accompanying the occurreRce of the ceil divisions
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during the wound periderm formation in Solanum and Heliantltus, some remark-
able changes are detected in the wounded tissues. They are those of the
activitics of nadi-oxidase, pyrocatechol oxidase and a.ecorbic acid oxidase, decrease

of the amount of ascorbic acid, and the lowering of pH values (BABA, 1953,
1955, 1956, 1958 and 1960b).

    Comparing tke previously reported facts cited above with tlte changes in
mitotic index after the cutting, the following consideration are obtained. In
the first place, the phenomena whick are considered to kave little parallelism
wi'th the mitotic index are the changes in the actlvities of p-cyesol oxidase,
dopa-oxidase, catalase and eehydrogenase, andthose of respiratory activity. In
tl-te next place, the phenomeRa which show roughly parallel relations with the
mitotic index aRd hence considered to be closely related to lt are the changes
of the activities of nadi-oxidase, pyiocatechol oxidase and ascorbic acld oxidase,

the decrease of ascorbic acid and the Iowering of pff values.
    As to the phenomena belonging to the former group, the lack in paralielism
between these phenomena and the mitotic index does not necessarily mean
tltat these phenomena have nothlng to do with the occttrrence of cell division
in the wounded tlssges, because, if only a small part of the total activity takes
part in the occurrence of cell division, tke activity measured as a whole may
fail to show the parallelism with the mitotic index.
    On the other hand, as to the phenomena belonging Åío the latter group,
the lncrease of tke activities of nadi-oxidase, pyrocatechol oxidase and ascorbic
acid oxidase, and the lowering of pH value always occur just in advance of
an increase in the mitotic index (at 24 hours after the cutting). These facts
seem to indicate that the increase of such enzyme activities as mentioned
above and the lowering of pH value in the tissues may give favorable condi-
tions for causing cell divisien, if these changes may not be regarded as a direct
cause for the inltiation of the cell divisions. From the present investigations,
it also seems to indicate that an aerobic process is necessary for the initiation
of the cell divisions during the wound periderm formation. As evidences
to support tkis view, tke following descriptions or considerations may be
mentioned.
    1) In the present investigation, any cell divisions dvtring the wound
perlderm foymation are not observed at all in anaerobiosis, that is to say, in
pure N2 gas. This fact strongly supports the view that an aerob2c process is
necessary fer the initiation of tke cell divisions during the wound periderm
formation. Thi$ vi'ew is quite ln accordance with the evidence that the initi-
ation of mitosis is, strictly speaking, an aerobic process, which have been
recently accepted by many researchers (cf. BuLLouGH, 1950 ; and others).

    2) As stated in the descriptive part of tkls paper, the treatment o'f the
cut tissue by potassium cyanide aRd sodium diethyldithiocarbamate caused a
decrease in the mkotic index of wounded tissue. It is known that potassium
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cyanrde and sodium diethyldithiocarbamate are the inhibiters for nadi-oxidase,
pyrocatechol oxidase and ascorbi'c acid oxidase (cf. KuBowiTs, 1937; Ki{'tsTc., 1939 ;

WARBuRG, 1949; JAaxaEs and GARToN, 1952). This fact in(licates tl}at the i'n-
hibkion of the activity of these enzymes results in tke iRhibition of the cell
dlvisions during the wound periderm formatiofi, and sgpports the view men-
tioned above.

   3) It has been found in the previous studies that the activities of nadi-
oxidase, pyrocatechol oxidase and ascorblc acid oxidase increase iR advance of
an(l accompanying the occurrence of the celi dlvisions during tke wouncl
pei`iderm formation and it has been concluded tltat the increase of the activities
of these enzyme.ff has a close connection with the occurrence of the cell
divisions during the wound peyiderm formation (BABA, 1955, 1956, 1958 axxd
1960b). Then, it may be expected that tke additioR of the substrate of the
enzymes mentioned above accelerates the increase of the respective enzyme
activity and kence stimulates the occurreRce of the cell divisions. in the
present investigatlon, as it is expected, the treatment of cut tissue with pyro-
catecho} and l-ascorbic acid solution causes an increase in the mitotic index.
ThereÅíore, it is highly probable that the lncrease of the activitles of pyfo-
catechoi oxidase and ascorbic acid oxidase in the tissue provides oRe of the
favorable condltions for tke lnitiation of the cell divisioRs. Tkis conclusion is
supported by SiMoNDs et al. (1953) who have stated that catechol is the rr)ost
effective compound for stirnulating wound healing in the tubers of Solanttm.
Contrary to our expectations, the addition of cytochrome C did Rot show any
marked effects on tke mitotic index. This may possibly be due to the oxidatioR
ef cytochrome C by external 02, oy possibly because the molecules ef cytochrome
C are too large to peBetrate into the cells.

   4) SMALL (1955) has stated that the p}I valge of the phellogen ce}ls are
lower than that of the parenchyrnatous cells. In the previous paper (BABA,
2956), it has beeR stated that a lowering of pH value in tke tissue is observed
ln advance of the occurrence of the cells divisioRs during the wottRd periderm
foymation and that the iowering of pH value in tke tlssue have something to
do wiÅíh the occurrence of the cell divisions. The results stated above may
possibly substantiate the view that the lowering of pH value ln the tissues
provides one of the fav6rable conditions for the initiatioR of the cell divisioBs.

   From the above considerations, the present author has arrived at the
following conclusions on favourabie conditions for tke initiatioit of cell divi-

sions during the wettRd periderm formation. An aerebic process is necessary
for tke initlation of the cell divisions and furthermore, an lncrease of the
activities of nadi-oxidase, pyrocatechol oxidase and ascorbic acld oxldase, and
a lowering of pH value in the tissue provide some favorable coxxditions for
the initiation of the cell divisioRs.
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                                Summary

    1) Mitotic index was calculated using the tubers of Soianum tuberosum
and Helia'nthtts tttbeyosus and the roots of RaPltanus sativus immediately and at
24, 48, 72 and 96 kours after the cutting.
    2) Mitotic index was 0 immediately after the cutting both Solanum aRd
Hel'ianthus and aiso at 24 hours in Heliant l•zus. In Solanum, the mitotic index
increased gradualiy with the lapse of time after the cutti.ng and showed the
maxiinum va}ue at 48 and 72 hours. In Heliant l•ms, it increased gradually. with
the lapse of time after the ctttting and showed the maxiraum value at 96 hours.
While, in RaPhanus, the mitotic index was 0 in the course of this experiment.
    3) Effects of some chemicals on tke mitotic index at 96 kours after the
cutting were observed in the tubers of Solanum tttberosum. Nitrogen gas,
potassium cyanide and sodium diethyldithiocarbamate inhibit the cell divisions
to more or less exteRt, wltereas, pyrocatechol and l-ascorbic acid brought
about a stimulation on the celi divlsions, while, sodium fluoride and cytochrome
C showed !ittle effect on the mitotic index.
    4) From the results of tke present aRd tke previous investigations, it is
concluded that an aerobic process i". necessary fer the initiation of the cell
(livisions, and furthermore, that an increase of the activities of nadi-oxidase,

pyrecatechol oxidase and ascorbic acid oxidase, and a loweriRg of pH value
provlde favorable cenditions for the initiations of cell division.

   The author wishes to express hls sinceye thanks to Prof. Dr. N. SHiNKE
for valuable suggestion and crkicism throughout the present study.
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                      Explanation of Plates I-EXI.

Figs. 1-10. All these figures are photomicrographs showing the stages ef nuclear
    division in parenchymatous cells during the wound periderm formation in the
    tubers of Solanttm tuberosum.
       In Figs. 1, 3, 5, 7 and 9 (each magnification, 300Å~), the surface which lies
   lengthwise on the left side shows the cut surface. Figs. 2, 4, 6, 8 and 10 (each
   magnification, 600Å~) are partly twice enlarged photographs of respective Figs. 1,
   3, 5, 7 and 9.

       Figs. 1 and 2. Resting stage.-Figs. 3 and 4. Prophase.-Figs. 5 and 6.
   Metaphase.--Figs. 7 and 8. Anaphase.--Figs. 9 and 10. Telophase.

Figs. 11-16. All these figures are photomicrographs showing the stages of nuclear
   division in parenchymatous cells during the wound periderm formation in the
   tubers of Heiianthus t'ttberosus. (Magnification, 600>< ).

       Fig. 11. Resting stage.--Fig. 12. Prophase.---Figs. 13 and 14. Metapkase.---
   Fig. 15. Anaphase.---Fig. 16. Telophase.

Figs. 17--30. All these figures are photomicrogrcaphs showing the effects cf anaerobiosis

   aRd some chemicals on the weund periderm formation in the tuber of Sotan,tem
   tttberoszt?n. (Magnification, 80Å~).

       The photographs on the right side (Figs. 18, 20, 22, 24, 26, 28 and 30) are
   the control of those on the left side respectively (Figs. 17, 19, 21, 23, 25, 27 and

   29). In all these photographs, the surface which lies lengthwise on the left side

   shows the cut surface.
       Fig. 17. Showing the effect of N2 gas.
       Fig. 19. Showing the effect of M/50 potassium cyanide.
       Fig. 21. Showing the effect of iM/100 sodiurn diethyldithiecarbamate.
       Fig. 23. Showing the effect of M!1,000 sodiurn fiuoride.
       Fig. 25. Showing the effect of iMf500 pyrocatechol.

       Fig. 27. Showing the effect of Ml!OO l--ascorbic acid.
       Fig. 29. Showing the effect of M/2,000 cytochrome C.
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