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lNTRODUC'fiON

Vitamins which play an important role in cell metabolism need no
introduction to those engaged in cytochemical research. These form a
group of nutrients which have been found to affect cell growth in
variou~ ways. In the preparation of culture medium needed for the
growth of young embryos or in tissue culture, they are es~ential constituents of the nutrients. The ways through which the extra-nuclear
products are affected and the role of vitamins in the normal metabolic
path have been elaborately worked out by biochemists.
In addition to enhancing extra nuclear metabolism, their potentialities ·in affecting intra nuclear activity are immense. That the cell
division too is indirectly affected by their presence is quite apparent
from the vigorous growth of the embryo in culture media containing
vitamins as ingredients (BRINK and COOPER, 1947). Unfortunately,
inspite of the accumulation of enormous date on the importance of
vitamins in biological processes, our knowledge as to their role in intra38]
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nuclear activities is absolutely in a nebulous state. Workers engaged in
cyto-chemical researches are at present not in a position to state the
way through which nuclear division is influenced by vitamins. One of
the aims of the present investig·ation had been to work out critically the
potentialities of these important group of chemicals in cell reactions.
Besides, as in tissue culture experiment, it is noted that the growth
of the tissues is accelerated by vitaminR containing media, their capability in inducing divisionR in permenent tiR~mes is not far from expectation. The nature of the « Ro called permanent)) tiRRues haR attracted
the foremost attention of certain RchoolR in recent yearR (HusKINS and
STEINITZ, 1948a, b; D' AMATO, 1950; DUNCAN and Ross, 1950). Thil'
mainly originated from a new out look towards the problem of differentiation presented by the late Prof. HusKINs. It haR been claimed
that the believed permanent ti!'RlH'~' at the elongation region or the
differentiated region lie in a state comparable to the polytene condition
noted in Drosophila. TheRe, he claimed, go on dividing endomitotically
throwing off gene productR responRible for differentiation. Recently
through the efforts of certain workerR (D' AMATO, 1950; HUSKINS and
STEINITZ, 1948a, b; SHARMA and REN, 1954), induction of diviRion to some
extent in the elongation region has been made poRsible and their
polyploid nature worked out in Rome plants. But it must be admitted
that for the proper cla·Rsification of this new theory of differentiation,
far more insight into the conditionR of permanent tiRRues is needed. ThiR
problem naturally encompasses alRo the canReR leading to the endomitotic
Rtate of the permanent tiRsnes and also the way through which initiation
of the division is brought about. An attempt has been made in the
present report to provide certain clneR which might later prove helpful
in the interpretation of nuclear activity of the differentiated region.

MATERIALS and METHODS
The growth promoting subRtanceR have been tried in the present
work for the induction of chromosome division in permanent tissues
consist of four different chemicals, namely, Nicotinic acid, Succinic acid,
Thiamine and Calcium panthothenate-derivative of the vitamin Pantothenic acid. It is worth mentioning here that all these are generally
used as constituents of medium meant for culture of excised embryo
and tissues.
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'l'he material on which the test has been performed consists of the
bulbs of AHittm cepa. The bulbs were grown in pots and then subsequently transferred to jars in Laboratory meant for the experiments.
For confirmation of results in some rare cases, easily available plants
such as species of Hyclrilla and Vallisneria were subjected to treatments.
The solutions were prepared in all cases in different dilutions with
water. Trials were given from a very low one gradually ascending to
the higher concentrations. In cases where effects could be observed even
in the lowermost concentration used- the solution had to be diluted
further for finding out the minimum threshold concentration of activity.
Similarly the maximum threshold point resulting into toxicity was also
worked out. The bulbs were placed on glass vases containing the
Rolution both in room al'l well as in cold temperature and effects had to
be noted following different period of treatment starting from two hours
to six hours. In cases where recovery experiments were found to be
necessary the bulbs were transferred to the standard Knop's solution
after the treatment and observed at an interval of twenty-four hours for
consecutive four days. The solution was periodicaHy changed.
The tips after the treatment were heated in Orcein-HOI acid mixture

(2.% Orcein, 9 parts and N.HOI acid 1 part) for a period of five to six
seconds over a flame and then after five or six minutes, smeared in
Orcein and observed.

1,%

The procedure indicates that this chemical treatment, at the same
time, does not require any other fixation process and chromosome
morphology can easily be revealed following this simple procedure.

OBSERVATIONS

The following observations would reveal that the polyploid cells
have been observed in the« resting>> condition as well as in the prophase
even after twenty-four hours of treatment in practically all the chemicals. It is quite likely that the initiation upto the apparent prophase
stages of the polyploid cells can be done by a very low period of
treatment. The later stages, however, as the observations indicate,
require comparatively much longer period for their initiation. The
other abnormalities in division are apparent and in some of the chemicals
these are recorded following treatment for a comparatively low duration.
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Table showing results of treatment of roots of Allium cepa in different nutrient solutions.

Chemical
used

Concentration used

Hours of
treatriJ.ent

Calcium
pentothooate

.01%

2 hrs.

))

))

3 hrs.

TempeTature

Cold
(14-18°0)
((

Results

Resting polyploid cells.
Polyploid prophase.
Same as above.

))

))

4 hrs.

))

Do.

))

))

5 hrs.

))

Do.

))

))

6 hrs.

))

Do.
Do.

))

))

Overnight

)}

))

.05%

3 hrs .

)}

Polyploid cells present.

II

))

4 hrs.

)}

Polyploid resting and dividing
cells present. Polyploid metaphase with fragments.

))

))

5 hrs.

))

))

))

6 hrs.

))

Polyploid resting and dividing
cells !lresent. Resting polyploid cells are very high in
number and a tendency towards division is noted.

))

))

7 hrs.

)}

Same as above.

»

))

4 hrs.

)}

Polyploid
taphase.

))

))

7 hrs.
(intact)

)}

Same as above.

))

))

Overnight

))

))

3 hrs.

))

))

))

))

4 hrs.
5 hrs.

ll

))

))

Nicotinic
acid

))

Same as above, but no fragments.

prophase and

me-

Only polyploid prophase. No
further division of polyploid
cells.

Room temp. Polyploid prophase.
)}

Same as above.

)}

Polyploid prophase.

6 hrs.

)}

Same as above.

})

5 hrs.
(Hydrilla)

Cold

Reduction division induced.
After 24 hrs. of reeoveTy the
polyploid cells, which are in
resting stage, become pycnoticthe lethal effect is delayed and
is minimum in resting nucleus.

.01%

1 hr.
(then in 1: 1 A.A.)

))

The chromosomes are clumped,
no fragmentation.
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Table (contd.J

Chemical
used

Concentration used

Hours of
treatment

Temperature

Nicotinic
acid

.01%

2 hrs.
(then in A.A.)

Cold

))

))

3 hrs.
(then in A.A.)

))

))

))

))

))

))

)J

3 hr-s.
(then 3 ruins.
in A.A.)

))

Results

Normal.
Frequency of polyploid cells is
very large. Fragmentation in
prophase and metaphase.
Number of chromosome is very
high in polyploid prophase, metaphase and anaphase. Fragmentation in normal anaphase
and also in polyploid anaphase
in high number. Fragments in
polyploid prophase and metaphase in high number. A few
polyr}loid cells give indications
of very high number in the
early stage.

3 hrs.
(then Coumarin
treatment for
2 hrs.)

))

Split prophase threads.

))

3 hrs.

))

Polyploid metaphase with split
chromatids.

))

4 hrs.

))

Resting and diviuing cells present. Frequency of polyploid
cells very low.

))

5 hrs.

))

Same as above.

6 hrs.

))

Polyploid resting and dividing
cells present. The number of
polyploid cell is greater. Reduction division after recovery
for 96 hours.

1 hr.
Room temp.
(Vallisnaria then
fixed in A.A. for
3 hrs.)

Stickiness.

))

))

»

l'

3 hrs.

Cold

Polyploid prophase and metaphase. After 48 hrs. of recovery in Knop's solution their
frequency is less than after
3 hrs. of treatment.

I)

))

4 hrs.

))

Polyploid prophase and metaphase. After 48 hrs. of recovery in Knop's solution their
frequency is less than immediately after treatment.
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Table ( contd .)

Chemical
used

Concentration used

Nicotinic
acid

Hours of
treatment

'L'emperature

Results

G hrs.

Cold

Reduction division in anaphase
is present in a large percentage
of cases. Polyploid resting
cells are present and also the
dividing ones. After 96 hrs. of
recovery they show reduction
division.

))

))

))

>>

Decrease in chromaticity due
possibly to toxicity.

Thiamine

))

1 hr.

>>

Normal prophase, metaphase,
anaphase stages.
Staining
normal.

))

2 hrs.

»

No,rmal proph~se, metaphase
and anaphase stages. Duplicate chromosomes .and spiralization of the chromosomes
are present.

))

))

3 hrs.

>>

Normal prophase, metaphase
and anaphase stages. Spiralization of the chromosomes and
duplicate chromosomes present.
Stainability decreased.

))

))

2 hrs.

>>

In prophase individuality of
the chromosomes are clear due
to contraction. The spindle
formation arrested. Duplicate
chromosomes present. Stickiness apparent. Somatic bridge
formed. Spiralization noted.
Fragmentation at metaphase
11resent.

))

))

3 hrs.

,,

Au increase in the frequency
of duplicate chromosomes; loss
of stainability.

))

))

4 hrs.

,,

Same as above.

))

.02%

2 hrs .

>>

Exact half reduction in number of chromosomes seen in
anaphase.

))

•03%

2 hrs .

>>

Chromosome with clear secondary constrictions.
Fragmentation in prophase and anaphase. Binucleate cells present due possibly to inhibition
of wall formation as an effect
of the chemical during preceding telophase.
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Table ( contd.)

Chemical
used

Concentration used

Hours of
treatment

'l'emperature

Results

Thiamine

.il3%

3 hrs.

Cold

Metaphase chromosomes clear
with constrictions .

))

.01%

1

))

.01%

2 hrs.

))

))

))

3 hrs.

))

))

.02%

2 hrs.

))

Stickiness, loss of stainability.

))

))

3 hrs.

))

Same as above.

))

.03%

2 hrs.

))

Contraction of chromosomes
very heavy, particularly at metaphase. Stickiness persists.

))

))

3 hrs.

))

Stickiness, loss of stainability.

48 hrs.

))

Complete suppression of division.

))

.01%

hr.

Room temp. Condensation of chromosomes
at prophase, clumping of chromosomes at metaphase. There
is no stickiness in anaphase
chroooosomes .

(treated
intact)

Very heavy constriction of
chromosomes at prophase and
metaphase; granulation at metaphase, erosion at anaphaseall possibly due to slight toxicity.
Excessive clumping of chromosomes .

))

.001%

24 hrs.

))

Slight stickiness,
mentation.

))

.003%

24 hrs.

))

Same as above .

.1%

4 hrs.

Cold

6 hrs.

))

2 hrs.

))

Succinic
acid

(treated
intact)

))

.01%

no

frag-

Number of dividing cells less.
No reduction division. The
concentration seems to be toxic. Polyploid resting cells
present.
Same as above. ,After recovery
of 24 hrs. no reduction division .
There is a tendency towards
reduction division in prophasethe chromosomes seem to form
two separate masses. Polyploid cells show a step developed from restin~ state.
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Table (conta.)

Chemical
used

Concentration used

Hours of
treatment

remperature

Results

Succinic
acid

.01%

3 hrs.

Cold

There is a tendency towards
reduction division in prophasethe chromosomes seem to
form two separate mass<>s.
Polyploid cells show a step
developed from resting state.

))

»

4 hrs.

»

Reduction division in anaphase- frequency is high. The
chromosomes forming pair in
metaphase. In a few cases, reduction division is noted at
early anaphase and in most
cases in metaphase. Polyploid
resting cells present.

D

D

5 hrs.

>>

Polyploid resting cells present.
Reduction division in anaphase.

D

»

6 hrs.

>>

Polyploid prophase. Reduction
division in anaphase and late
metaphase stages. Number of
reductionally dividing cells are
less than in 4 hrs. treatment.
After recovery of 24 hrs. in
Knop's solution.
In polyploid prophase there is
a tendency towards reduction
division ; also reduction is noted in metaphase.

4 brs.

»

Polyploid metaphase,
fragmentation in normal prophase
and normal anaphase. Reduction division in late metaphase.
Cells with double number present, metaphase with split
chromatids.

ll

ll

D

6 hrs.

»

Polyploid metaphase. Reduction division present. Number
of polyploid cells and reduction division are noted to be
very few.

D

D

24-48-72-96-144 hrs.
(kept in the
solution)

»

Polyploid
prophase,
metaphase, and anaphase stages
present.
Diplo-chromosome,
spiralization, fragments in polyploid prophase and metaphase. Reduction division in
normal and polyploid metaphase.
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The stickiness of chromosomes has been found to be universally present
throughout the eourse of the treatment. Not much of emphasis has
been given on this phenomenon, as these may be due to a slight
depolymerizing effect on the chromosomes uptil now found to be caused
by practically every chemical.

DISCUSSION
The problem of differentiation in biological systems has been a long
standing controversy between exponents of various theories. Since the
inception of cytological study on the basis of certain indirect evidences,
the constancy in ehromosome number in each and every cell of an organism has been unequivocally accepted. As all the cells whether in a
juvenile or in a permanent state contain the sa:Jlle number and types of
chromosome, an ubiquitous opportunity for each and every gene to
influence the metabolic processes in all the organs is thus provided. The
nature of the substance bringing about differentiation in each and every
organism thus remained highly problematic, and the role of chromosomal
genes had yet to be determined taking part in the process. Workers in
this :field naturally had to search for clues from the presence of differential gradients in the cytoplasm. It is generally held that the difference
in the gradient of the cytoplasm exists in individual differentiated
org·an.s. As proper intracellular environment seems to be of absolute
nece.ssity for gene action, this difference in the gradient may facilitate
the activity of certain genes resulting in their desired expression and
retard the others. The problem of differentiation was thus tentatively
solved, attributing to the cytoplasm- the principle control in the process.
With the discovery of reduction division in the ,meiotic tissue
(HUSKINS, 1948; WILSON and CHENG, 1949; HUSKINS and CHENG, 1950;
PATAU, 1950; SHARMA and BHATTACHARJEE, 1953) a new possibility became
thus exposed. Not only reduction in chromosome number and possibility
of survival in succeeding generations became apparent, but also the idea
of the constancy in chromosome number in all the organs received a set
back. Further, on the basis of nuclear sizes in differentiated cell.s their
polyploid nature was suggested by HuSKINS (1947). The theory received
further support by the counts of pro-chromosome number in endosperm
tissue of Maize, RheoJ etc. Not only the nuclear size in these cases
were extremely large as rompared to that in diploid one, but at the
same time the counts of pro-chromosome revealed their polyploid nature.
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HUSKINS interpreted their polyploidy as arising out of endomitotic
division, thus a condition comparable to polytene thread of Drosophila
salivary gland was visualised. An experimental approach to the problem
involved attempts towards induction of division in these differentiated
cells through Indole acetic acid treatment (HusKINS and STEINITZ,
1948a). Successful results were obtained revealing the polyploid constitutions of these permanent tissues, which became apparent in succeeding
stages of mitotic division.
This experimental application towards the solution of one of the
fundamental problems became widely appreciated due to its immense
potentialities. Certain other chemicals, viz., Sodium dichlorophenoxy
acetate (D'AMATO, 1950), Nucleic acid (SHARMA and SEN, 1954), etc.
were also demonstrated to be endowed with the capacity of inducing
division in the differentiated tissue. In .most of the plants tried for the
purpose, endopolyploid constitution of the differentiated cells were thus
brought about. If differentiation is conceived as a process controlled by
genes, the chromosome divisions become imperative for the formation
of products responsible for gene action. The endopolyploidy concept
of HusKINS could give a satisfactory explanation of the problem of
differentiation through gene reproduction. The theory though is quite
ressonable, tallying with the classical concept of gene action, required
far more experimental evidences for the establishment of'its validity.
The phenomenon of reduction in chromosome number noted by
HuSKINS through chemical treatment in somatic tissue has already been
referred earlier. Not only with the application of Na-nucleate this
phase of division has been noted, but at the same time their spontaneouR
occurrence is also on record (SHARMA and BHATTACHARJEE, 1953). The
implication of this behaviour of chromosome in the body cell is far
reaching. Its role in differentiation is not of minor significance. Some
authors have recorded the cases of haploidy and other nu.rnber!S in the
tissues of Gossypium sp. and suggest their origin through somatic reduction (BROWN, 1947; MENZEL and BROWN, 1952; MENZEL, 1952). The
variation in chromosome number in the differentiated cells is, therefore,
not only brought about through endo-mito.sis, but at the same time
through reduction division in their ti.ssue. Restoration of the normal
number from such polyploid constitution is further facilitated through
somatic reduction.
Recognising these evidences as cogent facts in the problem of differentiation, it may further be suggested that the occurrence of reduction
division becomes necessary for plant.s where divifodon is artificially indue-
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ed in the polyploid differentiated cells. 'Vhether the che:mical responsible for induction of division can at the same ti:me initiate reduction
is yet to be found out. If both these phenomena can be considered as
controlled by the nucleic acid content of the cell, the same chemical may
initiate induction as well as reduction at the same time. The polyploid
differentiated cells lying in an incompletely divided state may be induced
to divide by meeting up the nucleic acid deficiency through vitamin
introduction, a deficiency responsible for their imperfect condition.
Consequently a number of polyploid cells in dividing condition may be
expected in the tissue.
At the same time normal cells which divide mitotically can pass on
to a reduction phase through the introduction of the same growth
promoting factors. It has been well illustrated by HusKINS that the
introduction of Na-nucleate can initiate this division suggesting the
increased amount of N. A. responsible for the process. If that be the
case then the vitamins which also indirectly bring about increased
synthesis of nncleotides can be endowed with the property of initiating
reduction.
The data gathered in the present scheme of work indicate clearly
the property of inducing division in permanent cells of practically all
the growth promoting substances tested. They differ no doubt in the
degree of their effect. S.ome of the solutions can bring about induction
in lesser period of treatment as compared to others. This factor may,
however, be attributed to their ionic size thus affecting to a large extent
their rate of penetration. In that case, strictly speaking, they should
not be considered as less effective than others. If the difficulty of
penetration could by some means have been overcome, their relative
effectiveness could be worked out.
It is significant to note that all the chemicals tested so far could
induce division within six hours of treatment. Longer treatments for
over-night not only is of no beneficial effect to permanent cells, but
rather causes even their lethality. This is a marked instance how a
highly effective chemical can be transformed into an injurious one, if
attention is not directed towards strict control. The lethality caused by
prolonged treatment has been found to be universally applicable to all
the growth promoting chemicals subject to experiments.
But as expected the polyploid cells thus induced to divide can go
on dividing through succeeding generations if the root tips are kept in
Knop's solution, following the operation. In none of these eases the
diYision has been found to be cheeked as clearly revealed in the frequen-
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cies of their occurrence following recovery at definite intervals. They,
however, often revert to normality through somatic reduction. This
is also a mechanism operating within the tissue for the harmonious
development of the organ as a whole.
The question may arise that how far the reduction ob13erved may
be an outcome of the chemical treatment. The problem finds a solution
if one takes into consideration the bio-chemical changes involved for the
initiation of reduction. It has been amply cla:-;sified that the synthesis
of nucleic acid lie8 at the root of the process, the excess of which brings
about reduction. This is the reason why normal cells show reduction,
following vitamin treatment and the differentiated cells start dividing
being already deficient in it. 'rhe reduction observed in polyploid cells
have in several case8 been found after twenty-four or forty-eight hour:.;
of recovery in Knop's solution and in a few cases after a short period
of treatment. The late initiation of reduction may be due to the effect
of the chemical being delayed due to some internal factors.
The simultaneous occurrence of fragments along with the induction
of division in the polyploid cellR iR a marked feature noted in most of
the slides. The fragments have been found to be present in maximum
frequency during the prophase stage being persistent through succeeding
metaphase as well as anaphase. Prophase nuclei with polyploid chromosome constitution indicate the presence of high number of fragments
in them. Their origin can easily be accounted for if one takes into con
sideration the physical and chemical set up of the cells harbouring them.
'l'he picture becomes clearer if attention is directed to the fact that they
occur mostly in polyploid cells.
It has already been emphasized that the polyploidy revealed in the
tissue indicated their original con8titution, initiated to divide through
vitamin treatment. To be more precise, they normally remain in a
polytenic condition as claimed by HUSKINS, or in a half divided state,
the separation being affected through the procedure adopted. Obviously
such polytenic phase can be visualized as a normal set up of these
differentiated cells. This constitution, though abnormal to cytologists
is normal for the differentiated cells and is in a metabolic equilibrium
with the surrounding medium controlling its growth. The application
of chemicals up sets the balance, initiating them to divide. It would
be fallacious to visualize a nor;mal separation under chemical influence,
of all the threads responsible for the polytene condition. All the chromosome segments cannot thus be imagined to separate in a regular way,
but rather their abnormal separation is expected. As a consequence,
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fragmentation may be caused due to the stress and strain generated in
different chromosome parts. Their absence in root tips undergoing
recovery suggests their degeneration during succeeding stages.
'l'he stickiness obsened in most of the cells can a also be accounted
for if the consistency of the above line of argument is accepted. It is
generally accepted that the stickiness at the ends is a result of late
separation of genes at the telomeric regions. Thus late separation, an
irregularity in their nuclear behaviour, might be the outcome of unbalanced behaviour of polytene threads during the induction period.
It would not be irrelevant here to point out that recently data have
been gathered here (unpublished data of SHARMA and SEN, 1954; SHARMA
and MOOKERJEA, 1955; indicating induction of division through hormones
and other chemicalH, (SHARMA and MUIUIER.JI, 1955). A study of the
causal factors involved in thil' induction haH also been started and
interesting results are gm<lually being accumulated (SHARMA and MooKgRmA, 1955).
SlJMMARY
1. The growth promoting substances tried in the present work
consist of four different chemical:-1, viz., Nicotinic acirl, Succinic acid,
Thiamine and Calcium pentothenate.

2. The chemicals have been tried for the induction of chromosome
division in adult th;sues. The test has been performed on the bulbs of
Allium cepa. For confirmation of results in some cases, species of
Hydrilla and Vallisneria have been subjected to treatments. It has been
noted that this treatment at the same time is advantageous for the
clarification of chromosome details and no fixing chemicals need be
used following the treatment.
3. The experiments have been conclucted both in room as well as in
cold temperature and effects had to be noted following different periods
of treatment sta.rting from 2 hours to 6 hours. In some cases even. after
24 hours or consecutive days the effects have been observed. In cases
where recovery experiments have been performed the effects have been
noted at intervals of 24 hours for consecutive four days and in some
cases for few more days.
4. The polyploid differentiated cells lying in an incompletely divided
state have been induced to diYide by vitamin introduction. Consequently
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a number of polyploid cells in dividing condition is seen in the tissue.
At the same time the normal cells which divide mitotically can pass on
to a reduction phase. Further, the occurrence is recorded of fragments
in the polyploid cells, which are present in maximum frequency during
the prophase stage being persistent through succeeding metaphase as
well as anaphase stages. The stickiness is also ob13erved in all the cases,
which can be accounted for on the basis of the late separation of genes
and unbalanced behaviour of polytene threads during induction period.
5. The cause and significance of the phenomenon of induction of
division in polyploid cells and the induction of reduction division in
polyploid and normal cells have been discussed in detail. The emphasis
has been laid on the nucleic acid balance of the cell. It has been assumed
that the polyploid differentiated cells are induced to divide by meeting
up the nucleic acid rlificiency indirectly brought about through vitamin
introduction. The same treatmentmay also thus be responsible for the
initiation of a reduction phase through more and more nu<'leie add
synthesis.
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EXPLANATION of PLATE VII and VIII.
PLATE VII.
Fig. 1. -Treatment of Allium cepa in Calcium pentothenate showing reductional separation in diploid cell (Microphoto).
Fig. 2. -

Treatment of Allium cepa. in Succinic acid showing polyploid and diploid

cells in resting stage (Microphoto).
Figs. 3-4. -

'l'reatment in Nicotinic acid showing diploid prophase, and polyploid and

diploid metaphase (fig. 4) respectively (Microphoto).
Figs. 35 and 36. -

Treatment in thiamine showing normal metaphase and metaphase

with fragment respectively (Microphoto).

PLATE VIII.
Figs. 6-15. -

Treatment in nicotinic acid showing prophase :with fragments, reductional

separation and pairing in cell, tendency of reduction in prophase, clumping in normal
metaphase, polyploid metaphase, polyploid metaphase, fragmentation in anaphase,
fragmentation in anaphase, late prophase with fragments, and late polyploid prophase with fragments respectively.
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Ifi!Z. 16. - Treatment in thiamine showing diplochromosomes.
Figs. 17-22. - Treatment in succinic acid showing pairing of chromosomes in prophase,
fragmentation in anaphase, reduction, normal metaphase, normal metaphase and

clear reductional separation in anaphase respectively.
Figs. 23-24. -

Treatment in thiamine showing reductional separation with fragments

nnd binucleate anaphase respectively.
Figs. 25-28. - Treatment in calcium pentothenate showing reductional separation, tendency to reduction, tendency to reduction and polyploid metaphase respectively.
Figs. 29-32. - Treatment in succinic acid showing separation grouping in metaphase
indicative of tendency to reduction, normal metaphase, reductional separation into
two groups of eight in anaphase and reductional separation in prophase respectively.
Figs. 33 and 34. - Treatment in calcium pentothenate showing normal metaphase and
metaphase with fragments respectively.

RIASSUNTO
Gli Aa. hanno sperimentato l'azione citologica di varie sostanze, come acido nicotinico, acido succinico, tiamina e pentotenato di calcio, e hanno osservato che l'uso
di vitamine puo alterare il normale decorso della mitosi, con differenziazione di cellule poliploidi, frammentazione e agglutinazione cromosomica, e puo anche indurre
divlsioni « riduzionali ».

