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INTRODUCTION
Alkaloids have for a long time been regarded as a fascinating material for Cyto-chemical research since the discovery of polyplodising
effect of colchicine (BLAKESKE, 1931) Researches on a number of other
chemicals were thus initiated .due to the enthusiasm created thereby
(STEINEGGER and LEVAN, 1947; LEVAN, 1949). Polyplodising capability of
various groups of chemicals were gradually revealed denoting the
immense possibilities of this line of investigation in utilitarian research.
Later on, the particular :mitotic effect caused by colchicine has been
named by LEVAN and his associates as stathmokinesis or C-mitotic effect
in their papers dealing with the effect of chemicals on nuclei.
In recent years, this aspect of Cyto-chemistry is vigorously persued
in certain schools due to the further impetus obtained after the discovery
of mutagenic action of chemicals by OEHLKERS in 1943. Though since
then a variety of chemicals have been tested for the purpose and their
properties worked out, exact mechanism through which the breakages
are caused is still obscure. It is universally accepted that the nucleic
acid :metabolism is directly or in.directly affected though the steps
through which this change is brought about is not known.
Veratrine, the chemical investigated in the present work is a mixture
of a number of alkaloids. It has been found in the present report to
cause stathmokinesis as well as other chromosome abnormalities in different concentrations. In addition to working out its polyploidising allll
chromosome affecting effect, through the classical Allium test of Levan,
researches on another aspect concerning certain fundamental issues have
been emphasised. This involves the bringing about of certain significant
effect on cell nucleus in concentrations below even of the subnarcotic
zone of Levan. It has been recently pointed out in researches on a series
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of other chemicals that a concentration of most of the cell affecting
chemicals can be worked out which can be advantageously employed in
researches involving karyotype analysis (SHARMA and BAL, 1953; SHARMA
and BHATTACHARYYA, 1954; SHARMA and DE, 1954). The zone has been
found to lie universally below the concentration necessary for inducing
chromosome breakage.
Fortunately, the chemical investigated has been shown not only to
cause polyploidy and chromosome breakage but at the same time it has
become possible to demonstrate their importance in chro;mosome analysis. Moreover, data on certain types of chromosome breakages have
been gathered which are of far reaching significance in their fundamentals.
MATERIAL AND MID'fHODS

Root tips of A.lliutn Oepa} species of Pancratiutn} Yicia} Lens} Pisutn
and Lathyrus} all grown in saw dust and garden soil mixture (1: 1)
in earthen pots and that of Hydrilla and Yallisneria in pond mud
with sufficient water in an earthen vat, were treated separately at different concentrations of Veratrine from 0.00001% to 1% solution in
cold (10°-14° C) keeping period of 40 minutes as constant for each experiment.
By trials and performing several set13 of experiments it has been
noted that Veratrine is ineffective below the concentration of 0.0001%
on all the plants tried. On the other hand at a concentration above 0.9%
the chromosome13 become highly condensed and fragmented to form small
globules in all cases so far tried. The two concentrations are the two
extreme ranges, the intermediate concentrations being tried to find out
the minimum, maximum and optimum value by this chemical. Thus
only the lower threshold, optimum and upper threshold values of each
material are tabulated in table I.
Preparation of Veratrine solution:
Veratrine tried in thi~ experiment is a mixture of alkaloids. It is
almost insoluble in water. For the preparation of solution, 1 gm of Veratrine powder was dissolved in 20% alcohol and the solution was mixed
with 80 c.c. of distilled water to make it a stock solution of 100 c.c.
This was kept overnight as u.13ual and then filtered. The residue was
rejected and the clear filtrate was kept in a glass bottle wrapped in
black paper.
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Method of staining :
After treatment the roottips were stained in Aceto Orcein 2%: Hydrochloric acid (N) mixture (9: 1) by slight heating and smeared in Aceto
Orcein solution (.L%) to study the effect of Veratrine at different concentrations on chromosomes.
All diagrams were drawn with a 12 x eye piece and an 1.3 apochromatic objective, with a condenser x 1.4 N.A.

OBSERVATIONS
TABLE I
Root tips of plants
tried

Allium cepa
]>ancratium sp.
HydriZZa vertioilZata
V aJZ~sneria spiraUs
Vicia fO/Va
Lens escu!enta
Pisum sativum
Lathyrs sativas

40 minutes in cold (100-14°0)

Minimum
threshold

Optimum

Maximum
threshold

0.0001%
0.0001%
0.0001%
0.005%
0.0001%
0.0001%
0.0001%
0.0001%

0.1-0.4%
0.2%
0.05%
0.1%
0.08%
0.1%
0.08%
0-05%

0.9%
0.9%
0.8%
0.9%
0.8%
0.8%
0.8%
0.7%

From the table _I it can be inferred that the lower threshhold value
is almost the same for all the cases, but there is an exception in case of
Vallisneria where the value is 0.00~% which might be attributable to
the heavy size difference of the chromosomes noted in this genus, unlike
any of the other type studied. The table further reveals that the upper
threshold value is nearly same in monocots in general. Dicots within
their own groups behave more or less similarly but the value is always
less than in ;monocots.
The optimum value differs from species to species and the values in
some cases are highly different. The greater susceptibility is indicated
by dicots, where the lower threshold concentration is much lower than in
monocots. The behaviour of Allium is significant in the sense that the
optimum concentration range varies there from 0.1-0.4%It may be noted that below the subnarcotic zone as suggested by
LEVAN, another zone can be distinguished which is of utmost importance
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for karyotype analysis. Here the spindle substance is affected by these
chemicals, but changes are not brought about as drastic as in subnarcotic
ones. Visco~ity is changed, at the same ti~e, hydration and dehydration
resulting into swelling and contraction of certain chromosome segments
are urought about. This facilitates the chromosomes to be manifested
with constriction regions distinct. By increasing the time of treatment
in cold in optimum concentration single chromatid break can be found.
'l'ABLE II
Single chromatid break

Plants
tried

'l'ime to obtain
% of concendeplochromosomes
tration
with fragments

Single
chromatid
break

Allium

O.li%

lhr. in cold

+

VaUisneria
II !Jrlrill n

0.1%
O.Oli%

5li minutes in cold
50 minutes in cold

+
+

Recovery experiment
lhr. 2hrs.
Per
sist.
Do
Do

Per
sist.
Do
Do

24hrs. 48hrs.
Not.
Not.
traced. traced.
))

))

))

))

From table II it is evidenced that species of Vallisneria and Hydrilla when treated with their optimum concentrations yielded single chromatid break by increasing the time of treatment in cold. In case of
species of V allisnoria the time was increased by 15 minutes than that
required to bring about the optimum effect and in case of Hydrilla this
effeet could be noted by increasing the time of treatment by 10 minutes.
Por .:Hlium) both the time of treatment and concentration had to be inereased for the production of this effect.
In order to study the fate of the fragment, recovery experiments were
performed. Glass jars wrapped in black papers were taken with Knop's
solution in each and plants after proper treatment in Veratrine solution
in cold for chromatid break were kept in these jars for lhr., 2hrs., 24hrs.,
awl JShrs. respectively. These jars were kept in open air at room temperature. After lhr. root tips from one of the jars were taken, smeared
by Orcein staining and observed. The same process was repeated at an
intervals of 2hrs., 24hrs., and 48hrs. respectively.
After recovery for lhr. and 2hrs. the chromatid fragments were
noted to persist both in metaphase and anaphase .• But after recovery

244

SHARMA and SARKAR

for 24hrs. and 48hrs. the fragments could not be traced, possibly due to
the complete recovery of the plant;
Similar recovery experiment~ were performed to trace the effect of
erosion, stickness, etc., in later division. The interval allowed was the
same as before. The result~ have been outlined in table III.
TABLE III
Recovery ewperiment

Recovery experiment
Treatment
Plants tried % of concenTime in
Time of
24hrs.
tratlon
cold (1Q-14C) recovery 3hrs.
A.ZI-ium

0.6%

1%hr.

VaU1sneria
Hya1·iZZa

0.2%
0.1%

1hr.
1hr.

Fragment of
chr. persists.

Cells with
double nuclei,
micronucleus
and C-mitosis

48hr><.
Micronucleus
persists.

))

))

))

))

))

))

Table III reveals that aft~r the recovery experiment for 3hr~. the
chromosome fragments persist in all case~. After a long recovery of
24hrs. some cells with t:wo nuclei, some with two nuclei and a micronucleus and others with one nucleus and a micronucleus ·were observed
in case of species of Allium) Vallisn:.eria and Hydrilla. Colchidne mitosis was observed only in case of Allium showing 32 chromosomes in a
metaphase in a cell.
After 48hrs. recovery too, double nuclei and a micronucleus wl:'re
also noted in species of Alliu,m) Vallisnm·ia and Hyd1·illa.
TABLE IV
Oomparison between Narcotic, subnarcotic and below subnm·cotic zones

Optimum
Plants tried

A.Uium
VaZlisneria
HydriUa

Subnarcotic and narcotic effect
Single chromatid break
Other efft>ctl'l

Time of
Concentratreatment in ConcentraConcentraTime of
tion of the
cold
tion of the treatment in tion of the
chemical
temperature chemical
cold temp.
chemical
0.1-0.4%
0.1%
0.05%

40minutes
40minutes
40minutes

0.5%
0.1%
0.05%

1hr.
55minutes
50minutes

0-6%
0.2%
0.1%

1%hr.
lhr.

1hr.
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It i.s clear from the table IV that the production of single chromatid
break is not only dependant on the concentration of the chemical but the
period of treatment too has got a profound effect.

DISCUSSION
The invention of the property of Colchicine inducing polyploidy
opened up a new line of investigation proved to be extremely fruitful in
the last few years. Of Colchicine alone, a number of its derivatives including iso-colchicine as well as amorphous and non-amorphous Colchicine have been subjected to a series of inve13tigations (STIDINEGGER and
LEVAN, ;1947). These researches have not only served to elucidate the
property of these chemicals but at the same ti.me solved to certain extent
the exact chemical basis responsible for the effect. This has been
possible mainly due to the considerable differences on the result obtained
following treatments in these variety of allied chemicals. The presence
of chloroform has been found to exert a profound effect in process thus
demanding a serious consideration before interpreting the result.
In addition to the importance of Colchicine in inducing polyploidy,
this alkaloid has been advantageously employed in technique for chromosome analysis (BHADURI, 1939). Its application as pretreatment before
fixation result in the stretching of the chromosome arms, thus facilitating to a large extent, the analysis of long chromosomes which otherwise
remain foreshortened. It has been considered that Colchicine affects the
lipoprotein constitution of the cell, affecting to a great extent the plasma
viscosity. It needs no mention that the viscosity changes in the plasma
disturbs the mechanism of the spindle apparatus.
A number of other chemicals including the alkaloid!'! have since
been tried for this aspect of study and the polyploidising capability of
number of them have been successfully worked out. So far as fixation is
concerned this property of changing the physical state of the cytoplasm
has been taken advantage of in designing experiments. The contraction
undergone by the chromoso.me segment due to hydration and dehydration
of its different parts is responsible for the clarification 'Of karyotypes.
The study of the effect of chemicals not only reveals the polyploidising and prefixation properties on the cells but at the same time the capability of inducing chromosome aberrations is also manifested. It is
remarkable however that so far as alkaloids are concerned, the last
mentioned property amongst them is extremely rare. Veratrine, the
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mixture of alkaloids used in the present investigation as is clear from
the textis endowed with the unique property of causing fragmentation
and other structural abnormalities. The significance of this will be
discussed later.
While dealing with this aspect of study, LEVAN and his as13ociates
classify the effect of chemicals under subnarcotic, narcotic and lethal
reactions. The two former categories of reaction13, they suggest do not
cause the death of the cells but certain vital processes are switched off.
At the same time a certain degree of metabolic level is maintained so
that the cell is able to recover sometime after removal of the chemical.
The process thus amounts to intoxication of the tissue for a particular
length of time. Under the category of narcotic effect, comes the most important phenomenon, the stathmokine13is or Colchicine mitosis. This
results out of an arrest of the spindle mechanism consequently resulting
in polyploidy in the cell.
The manifestations of the subnarcotic zone are certain visible effects
in the cell, namely stickiness, formation of pseudochiasmata, as well as
fragmentation.
Lethal reactions result to absolute death of the cells due to the permanant switching off of all the vital processes.
It has further been pointed out that a particular chemical may
behave as narcotic, subnarcotic or lethal at certain specific concentration
zones. The threshold points of each category of reaction both upper
and lower have at the same time been worked out. Ofcourse, the manifestation of all the reaction zones in not a property of al~ the chemicals.
It is implied that the lower threshold point of the subnarcotic zone
is according to LEVAN the minimum effect that a chemical can induce in
the cell. Below this zone, the drugs become ineffective.
It has been emphasised in a series of publications from here that
certain of the physical effects are noticeable even at concentration lower
than the one recommended by LEVAN for bringing about subnarcotic
effect. Not all the chemicals however exhibit the same but at least most
of them are endowed with this property. This zone is the most important
from fundamental aspect of Cytology, in which the viscosity of the
plasma becomes altered to a degree not sufficient enough to cause polyploidy.
The chromosome straightening is effected due to differential contraction caused throughout their length, which in well smeared preparations in the background of a highly viscous plasma become ideal for
analysis. S.uch effects have been noted in case of Veratrine following
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treatments in 0.1% - 0.4;% solution for 40 minutes in cold. It has been
found that the different species differ in its response to chemical at
particular concentration and period. This might be due to their individual chromosome and cytoplasmic constitution which necessarily are
to some extent different in different species. As the effect is mainly
physical, plasmatic constitution plays a significant role in the operation ..
Leaving aside the importance of Veratrine in the study of chromosome analysis, its property of affecting chromosome structure needs
serious consideration. It is well known that as far alii breakages of
chromosomes are concerned through chemicals, the phenomenon involves
definite chemical reaction. As the sister chromatids of individual chrom·
osome contains individual genes in similar segments, one being derived
from the other, it is quite likely that in split condition, the two should
be affected in a similar way. Or in other words, it may be stated that
under such conditions, the two members are supposed to undergo breakage at the same locus, if caused. It is an absolute corollary in view of
identical chemical composition of the sister genes.
It is remarkable that single chromatid breaks have been observed to
a considerable degree following Veratrine treatment. In the opinion of
the authors, it is quite likely that the plasmatic gradient and constituent
lining the two chromatids play an additional role in bringing out the
effect. It may be summarised that the constitution of the nucleoplasm
may differ on both borders of chromosomes, that is the lining area of
the two free faces of the sister chromatids. The plasma lining one of
the borders at the particular locus might be of such a constitution as
to allow reactions with Veratrine molecules to cause breakage at the
particular segment. Contrary might be the case on the outer face of the
sister chro;matid. Such an assumption encompasses under the same
explanation, both single and double chromatid break, the later appearing
in cases where the constitution of the plasma is the sa;me on both faces
of the chromatid.
The fate of the fragments arising out of single chromatid breaks in
chromosomes have been pursued following recovery experiments. It has
been pointed out in the text that breaks are distinct in treatment for
2hrs. as well as 4hrs. In both these cases a number of single chromatid
breaks could be recorded. The picture becomes absolutely altered following prolonged period of recovery. Neither in 24hrs. nor in 48hrs. of
recovery in Knop's solution, the breaks on the fragments could be traced.
Two possibilities may be suggested as to their disappearence in recovered
tissue. It may be assumed that restitution of the breaks or precisely
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rejoining of the broken ends might have been operatiYe. Such rejoining
might occur within a short period after the breakage had been cau13ed.
At the same time it is not unlikely that the fragments after being detached off from the ;mother chromosome might undergo gradual degeneration possibly due to the lack of centromere in their bodies. Both
these alternative ways of explanations can explain their absolute disappearance in prolonged period of recovery.
The series of attempts made in working out the propertie13 of Veratrine, therefore reveal the three principal aspect13 of behaviour of Veratrine molecule quite significant from fundamental standpoint. These
involve their polyploidising capacity, their capacity for karyotype clarification and :finally of inducing chromatid breaks.
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EXPLANATION OF PLATE XIX
Fig. 1. -

Minimum effect of Veratrine on Allium cepa showing clumping.

Fig. 2. -

Metaphase plate showing optimum effect of Veratrine on Allium cepa.

Fig. 3. -

Maximum effect of Veratrine showing clumping and fragmentation in Allium

oepa.

Vol. VIII, Plate XIX.
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Pig. 4. -

Metaphase plate showing optimum effect of Veratrine on Pis1tm sativum.

Pig. ;;. -

Maximum effect of Veratrine showing clumping and fragmentation in Pisum

sntivmn.

Fig. G. - Metaphase plate showing single chromatid break (marked by arrow) in one
chromosome of Pisum sativum when treated in Veratrine, 0.08% soln. for fifty
minutes in 140C.

SUMMARY
1. The present investigation deals with a study of the properties of Veratrine in

uffecting cell stn1ctures necessary both from fundamental and economic standpoint.
C-mitotic property of Veratrine has been demonstrated. Its capability of bringing out
the details of chromosome structure, through a change in plasma viscosity and differential contraction of chromosome segments has further been brought out.
2. The maximum, optimum and minimum concentration of Veratrine for affecting
the chromosome structure ranges from 0.9% - 0.0001%, data being derived from some dicotyledonous and monocotyledonous plants. But dicots in general are more susceptible to
this chemical at a lower concentration and thus reveal more fragments than monocots.
After suitable treatment recovery experiments were performed in Knop's solution for
lhr. and 2hrs. recovery to study the fate of the cells affected.
3. a) Specific concentration zone for polyploidising effect in Allium is llf2hr.
treatment in 0.6% solution in cold, followed by a recovery of 24hrs. in Knop's solution.
b) For karyotype analysis of Allium 40 minutes treatment in 0.1-0.4% solution in
cold has been found to be suitable.
c) To induce single chromatid break in case of Allium, lhr. treatment in 0.5%
solution in cold is suggested.
Series of experiments performed with both monocotyledonous and dicotyledonous
plants in working out the properties of Veratrine, therefore reveal the three principal
aspects of its behaviour viz, polyploidising capacity, capacity for karyotype analysis and
finally inducing chromatid breaks.

RIASSUNTO
La ricerca dimostra la proprietA c-mitotica della Veratrina, e sperimenta le concentrazioni e i tempi di trattamento con queste sostanze per ottenere gli effetti citofisiologici
desiderati neUe radici di A!Uum Cepa.

