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by Edward A. Greenberg

Tnis study sought to determine whether variations
in the c-mitotic activity of colchicine solutions would
occur when stored under certain "standard" laboratory
conditions, and when exposed to ultraviolet light. It was
hoped that if mocifications did occur that these could be
quantified.

[he experinental materials were: seedlings of Pisunx

sat

'._Io

um var. filaskas and the nalkaloid colchicine in con-

centrations of 400 ppm (1 x 10=31!) for exposure to a fluor-
escent light source and ultraviclet light, and 200 ppm (5 x
10'hN) for treatmnent.

It was found that solutions exposed to ultrnviolet
light lost apprcsciable c-mitotic activity. Exposure to
fluorescent lizht ¢id not give conclusive recults.

ne sults obtrined sugzest that it is oprobable that
the bzta and gamma photolsocmers of colchicine are not very
active and nray even be toxic.

It wns agein observed, as in a previcus study (Green-
berg, 1952), that different sa:ples of the dry powder form
of the alkz=lcid vary in their abllity to induce the desired

eifects in our tect system.
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Plate I. Plants of the genus Colchicum growing in
the Horticulture Gardens of lichigan State

Universitye.



- The Genus Colchicum (Hybrid "The Giant").

Plate I.
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INTRCDUCTION

Inhis study has been carried out as a continuation of
a previous study (Greenberg, 1952); both have dealt with
determining the biological activity remeining in colchicine
solutions kept under various "standard' laboratory condi-
tions and after irradiation with ultraviolet light.

The first study (Greenberg, 1362) dealt with colchi-
cine solutions kept in the dark at room temperature (21-23
°C) and under refrigeration (0-5°C), for predstermined
lengths of time.

The precent investigation was made to determine
whether modifications occurred in solutions of colchicine
exnosed to fluorescent and ultraviolet light sources. If
modifications were observed in c-mitotic activity, it was
hoped that these could be cuantified by the number and
kind of specific cytological configurations produced in a
biological tect system.

Colchidne solutions have been reported to be unstable
by several investigators. Eigsti and Dustin (1999) state
that solutions may lose as much as 2C per cent of their
activity after 5 weeks. Powell (1951) mentions that the
alkalcid mnintains its activity rather well when refrig-

rated. Epstein (unpublished,1955) reports using a solu-
tion of colchicine that had been kept under refrigeration
for over 7 nonths, and noted no difficulty in obtaining

the desired results in treated redescantia staminal hairs.

Wood (1297) found thrcugh snectrophotometric and chemical

1



studies, that when colchicine solutions were kept in the
dark at room tenperature and tested at rezular intervals,
up to seven nonths, tney did not show appreciable changes.
Van't Hof (1931) sugzests that colchicine solutions should
be prepcred five minuteslprior to being utilized, because
te compound deteriorates rather rapidly in acueous solu-
tions.

Hadder and wWilson (1958) carried ou: studies to
relate particular concentrations of fresh colchicine solu-
tions to specific effects observed in mitotic cells of
Pisum root tips. They proposed a2 rmatheratical model which
could be used to measure the c-mitotic potency or a com=-
pound. This rodel was utilized in part to analyze the data
of thiec investigation.

Aside from the report of Zigsti and Dustin (1959),
and the studies ol Wood (1957) and Hadder and Wilson (1958),
it anpears that no others have been carried out to obtain
qualitative and quantitative comp-rative data on colchicine
solutions to be employed in cytological work. Our experience
denonstrates that neither the fresh nor the stored colchi-
cine solutions produce a constant effect.

In the previous study (Greenberg, 19%2) it was
found tnhat:

a. Colchicine solutions stored in the dark at
0-5°C and at 21=-22°C for more thean 43 hours,
showed a progrescsive lecs of activity.

b. he dry »owder form of the alkalcid, once
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exposed to ligit and noisture, z2lso srowcd a

()

ozs of activity over a 3 rionth period.

c. Different batches of tle slkaloid appeared
to differ in their atvility to produce the
exnected cytological effects.

Our test system was the meristematic portion of
Pisum primary rootsj specifically those cells which are
‘actively engagel in mitosis.

According to Bowen and Wilson (1954), and Hadcer and
wilson (19958), colchicine produces two quite characteristic
cytological configurations in Pisum. All other configura-
tions have been fcund by Hyppio (195%) tc e an expression
of one of these two confizurations. [hese are the charac-
teristic "clumps" of Powell (1251) and D'Amato (19%#8a) and
"scatter" of Levan's (1933-1939) c-mitosis (colchicine
mitosis), revorted extensively in the literature. The
number of "clumps" and/or "scatters" are a measure of th
alkaloid's biological activiiy at 2 given time (lladder and

Wilson, 195%).



LITERATURE REVIEW

Colcinicine is & comnound whose biological, phartiaco-
logical and physico-chemical characteristics and activities
are comnleX.

van Tamelen and co-wecrkers (1951) have been able to
synthesize tne compound, but state that cclchicine poscec=-
ses some unusual features which, coribined into a single
structure. offer a uniquzs challenge in synthesis.

The substance has been extracted from members of the

Liliaceae (Eigsti and Dustin, 1959), especially from the

autumn crocus or meadow saffron, Colchicum autumnale L.

[oN

It has also been extracted as a natural procduct, together
with several other derivatives, from related genera of the
sub=family Wurmbaecidese (Crcss, 1954 and Kaul, 1954).

The history of the use of colchicine is extensive
and reaches far into ancient times, apparently having been
used by the Egyptians for the treatment of gout. lore re-
cently, after Pernice (1889) discovered its action on di-
viding cells (Eigsti, Dustin and Gay-Winn, 1949), it has
been employed as an antimitotic agent.

Hyppio (1954%), Hadder (1957) and Biesele (1958) have
reviewed the different aspects of the effect of the alka=-
loid on mitosis. Stetten (1958), Copeman (1964) and Eschner
(1954) have considered the medical aspeccts of colchicine.
A comdlete review of the importance of colchicine in agri-
culture, medicine, biology and a discussion of its chem=-
istry, by Loudon, may be found in a book by Eigsti and

L



Dustin {1955).

Since the discovery of Pernice (1¢39) many observa-
tions have been made on the effects of the drug on mitosis,
but the fact still remains that very little is known as to
how the compound acts biochemically on mitosis. Eigsti and
Dustin (1959) suggest that the compound acts on the spindle
by entering into a chemical combinztion with an intracellu-
lar receptor. lazia (1955) suggests that colchicine affects
the "secondary bonding mechanism' of the spindle. Levan and
Cstergren (1943) and 5stergren (1944) mention that colchi-
cine may act as a narcotic which may affect certain meta-
bolic nechanisms involved in the formation of the spnindle.

The two princinal cytological effects of the compound,
which are the rost inmportant for this investigation, are
the "balled metaphases" of Powell (1951), D'Amato (1948a),
Barber and Callan (1943) and Berger and Witkus (1943)3; and
the "scattered" configurations characteristic of Levan's
(1933-1939) c-mitosis. Hedder (1957), and Hadder and Wilson
(1958) have pointed out that the two configurations, which
express different degrees of the same primary effect, are
dependent on time and concentration.

Gaulden and Carlson (194%9=-1951), Levan (1938-1939)
and Hindmarsh (1952) believe that the aberrations are a
result ol the specific affinity of colchicine for the pre-
cursors of, and/or the fully formed achronctic figure. The
same investigntors and others (Levan and 5stergren, 1943,

Cstergren, 1044, Eigsti ond Dustin, 1955, lazia,1956,ond
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l'orrison and Wilson,1953) are of the opninion that the action
of colchicine is to chanze the spindle from a fibrillar to

a corpuscular structure, and this seems to be reclated to the
corncund's piysico-chemical activities.

Not only has 1t been difficult to define the blologi=-
cal and pharmacological activity of the alkaleid, but the
clhemical synthesis of colchicine has proven to be just as
Ggifficult.

Early investigators ol the chemical nature of colchi=-
cine were Houde who first isoclsted the alkaloid in 1887
‘Cohen and Ccok, 1940), Windaus (1211-1924), who propoced
a phenanthrene ring system (Cook, 19%4), Cook (1944+), who
established that ring 3 is seven membered, and Dewar (1945),
who proposed that ring C was also seven rmembered (see
Figure 1). Thus, with thic initial charactecrization, colchi=-
cine, was placed arong the tropolone compounds.

Early biosynthetic work carried out to determine the
vathways followed in the elaborotion of the compound by the
plants wns cone by Wrlaszek et al. (1952). These investi=-
gators uced C1h02 and obtained leteled colchicine from the
exposed plantis.

Leete and Hemeth (1250) administered DL-phenylalanine-

3-C1L+ to Colchicum bizantinun and obtained colchicine label=-

ed in ring B. A year later (1951), these investigators re-
ported using sodium acetate-1-C1"* and obtainsd tle label

on the ll-zcetyl group, and wich L-DMhionine-nethyl-C1u they

obtained colchicine lapeled on the 0- and ll=-methyl ;roups.
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Leete (1253) using DL=- phen;‘,flalar1ine-2---C1)+ obcerved
activity in Cg4 of ring 3.

Battersby et al. (195%), state that methods uscing
tracer experirents establish that ring A and carbons 5, &
and 7 of ring B are derived phenylalanine and cinnanic acid.

Leete (1955) proposes a biosynthetic pathway for col-
chicine and also mentions that Battersby (1954) was 2ble to
show that tyrosine-31-C1” is incorporated into Cqyo cf ring
C. He also found that feeding DL—tyrosine-‘+-C1L+ to sprout-

ing Colchicum bizantinum corms labeled colchicine at Cg9 of

ring C.

Pertinant to this investigation has been the lnow=-
ledze of the apparent instability of colchicine solutions,
especially when exvosed to sunlight and ultraviolet light.
There appears to be a correlation between the pesrticular
structure of the isomers and their canacity to act as effec-
tive antimitotics, the configuration of ring C being of
rost importance.

Grewe (1945) renorted that when a colchicine solution
was irradiated with ultraviolet light, the characteristic
absorption peaks of 250 and 350 mu gradually dicappeared
and a new one appeared at 270 nu. ile found that the new
peak reoresented the formation of a photolsorer of colchi=-
cine named "Lumicolchicine". In 1951 the same investigator
and W. Wulf exnosed a 0.2 ner cent colchicine solution to
sunlight, obtaining after 5-7 weeks a crystalline precipitate.

This precinitate could be sepnrated into three frections on
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the basis of differential solubilities in 2lcohol. The frac-
tions turned out to be the alpha, beta and garrna-lumicolchi-
cine isomers, representing 95 per cent of the original col=-
chicine solution.

Forves (1955), through degradative and spectroscopic
stucdies, has gathered evidence suggesting that beta and
gamma-luriicolchicine are stereoisoners having tetracyclic
structures (Figure 1). This isomerization occurs through
the rearrangenient of ring C into a four carbon C ring and a
five carbon D ring. lie also stated that he was able to ob-
tain all three isomers by exposing a solution to sunlight,
having first excluded air from the solution with nitrogen.
The beta form was obtained in the largest amounts.

Gardner et al. (1957), in their investigation, noted
the conversion of beta-lumicolchicine to the gamma form,
thus lending support to the hynothesis of a stereoisoreric
relation between them. Theyalso reported isolating the alpha
form but were loter unable to reveat this (Chaonman,1953).

Schenk, Xuhn and Neumuller (1951) transfcrmed alpha-
lurmicolchicine into the the beta and zarmma phaotolsoriers.

Chaprian et al. (1953) have establiched the structures
of alpha and beta=lwiicolchicine and present good evidence
for the structure of the germa isoner. Their ctudies in-
volved uce of nuclear magnetic resonsnce technicues and
deuteration. lost interesting is the establichrent of alpho-
luwnicolchicine as 2 dimer of the beta isomer of colchicine.

Mey also found that the alpna form is not easily obtzined
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by irradiation witii a mercury arc lamp as previously reportcd.
A cyanine aye filter is required to obtain at le-~st a 20-30
per cent yield.

Investigations have 2l1lso been carried out with a
sterecisomer ol colchicine, isocclchicine, by Steinegger
and Levan (194%7). The only diff . rence structurally is the
exchange of »nositions of the =0 and -OCH3 grouns of ring C.
Such an exchange oI positims has been noted by these inves-
tigators to reduce the biological activity from 70-100 tires
in comparison to colchicine. The suggsestion is put forthn
that the activity of colchicine and related compouncs is
regulnted by theilr thermocdynenic activity. Colchicine, it
is clained, looses its svecific activity unon being trans-
forned into isocolchicine, which tnhen ccts only by 1ts
physical activity.

Dauben and Cox (1953) pliotoicsorerized isocolchicine
to the lumniisocolchicines incrder to odtain evidence for the
perticular structures of beta and garma-lwuricolchicines.

Cheprian et 2l. (1953) have 2lso cerried out ctudies
on the photoisorerizetion of isccclchicine and obtained 0=
0 per cent yields of luri-products liaving ultraviolet light
avscrotion pesks similer tc those of beta and gamna-lumi-
cclchicine,
he synergistic and antagonistic effects of other
cormounds on the antimitotic ectivity of colchicine have
becn reported by Eigsti and Dustin (1139%), I‘rezzi and Balin

(1956), liorrison and Wilson (1950) end Siesele (1750).



Figure 1.
I.

II.

IIT.

Iv.
Ve
VI.

Structures of Cclchricine and 1ts Iscnmers.
Colchicine (Chapman et 21., 1263).
Isocclehiicine (Steinezzer and Levan, 19%7).
Lutiisccolchicine (Chapran ¢f z2l. 1753 and
Dauven and Cox, 19¢3),

Gamma=lumicolchicine (Chapman ef 2l., 1963),
3eta=lunicolchicine (Chnpran et al., 1953).

Alpha-luwiicolchicine (Chapmen et al., 1953).
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Althouch of jen:ral interest in providing comparative data,
they still are not readily interpreteable.

Stucies on the mass spectra of colchicine compeunds
have been carried out by Wilson et al. (1953), ancd ontical
rotation measurements of the same by iirbek et z2l. (1954),

Cross (1954) and Kaul (19354%) have recently isclated
colchicine, luwiicolchicines, and other colchicine-like
compounds fror some genera of the sub-fomily Wurmbaeoideae.
They have thus shown that sorme ccmpounds made gmthetically
exist as natural prcducts. Forbes (1999) reports that
§antav§ isclated beta and gamma-lumicolchicine as a natural
product in 13851=1952,

Physical and chemical studies have contributed much
information as to the particular structures and phycsico=-
chemical activities of colchicine and 1ts isomers. Compara-
tive cuantitetive studies should be performed to relnte spe-
cific isoneric configurations to the ability of inducing
certnin effects on biological systems, as has bzen done
by Steine:cer and Levan (194%7). ladder and Wilson (12583)
have proposed a rodel system which could nossibly be cor-
related with our present kiowledge of the compounas and
which could relate spocific structures to biolozical acti-

vity or function.



MATZRIALS AND METHCDS
GENBRAL EXPzRIISIICAL PRCCEDURD
The meristematic root tip of the common garden pea,

Pisum sativum var._Alaska, was used as the bilological test

system in this investigation. The peas were guaranteed to be

free from chemical treatment by the supplier, the Ferry

Morse Seed Company.

The chemical, colchicine, was obtained from the Light's

Chemical Company Ltde., Bucks, Colnbrook, =Zngland.

The investigation was divided into two parts. The
first was concerned with exposing a 400 ppm (1 x 10‘3N)
colchicine solution to a fluorescent light source at room
temperature; the second part consisted of exposing a solu-
tion of the same concentration to ultraviolet light. The
light experimental runs were grouped into 12 hour, 3 week
and 15 week exposure periods. e ultraviolet light experi-
nments were carried out for only 24 hour exposure periods.

When solutions were exposed for as long as 3 to 15
weeks, it was necessary to autoclave all glassware and
Seitz-filter the solutions. Previous experience (Greenberg,

1962) denonstrated that the solutions were cavable of sup-

porting bacterial and fungal or:;anisms over a range of temp-

eraturese.

The solutions and glassware utilized in the ultra=-
violet experircnts did not have to be treated in any spe-=
cial manner.

In order to insure that the dry powder stock of col-

12
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chicine would not be modified in any way, it was stored in

an evacuated desiccator and kept at 0°C.

Fluorescent Light Experiments:

Each 400 ppm colchicine solution for these experimen-
tal runs was divided into thrce aliquots. One was used as
the fresh control treatment, 2 second cne exposed to the
lizht source, and the third, when run, was placed in the
dark and kent at 22.5°C for as long as the solution exposed
to light.

Exsosure of the solutions wes carried out in a lined
orchidarium to insure that the light from another source
wculd not fall on them.The temverature was kept at 22.5°C.
The solutions exposed to light were placed two feet beneath
two 20 watt cool-white Kenrad Fluorescent Lamps set parallel
and one foot apart.

’hree exposure periods (12 hours, 3 weeks and 15 weeks)
were chosen in accord with previous experience (Greenberg,
1952),

The third aliquot, whenever run, was put in a flask
ccvered with alurinum foil 2nd placed under a srmall card-
board box, also lined with foil. Ihis solution was also
kept, under the conditions mentioned, in the orchidarium.

At the end of the exposure period each solution was
nixed with the  appropriate armount of nutrient to give a

200 upm (5 x 10-"M:) solution with which to trest the pcass

Ultraviolet Lizht Experincnts:

Bt |
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Ag2in each 400 pnm colchicine solution was divided in-
to three aliquots. [nese were a fresh treatment control, a
sclution to be exposed to ultraviolet light, and one to ser-
ve at times as tlie dark roon: temperature control.

Four experiments ware nerformed: one at 34°C, and the
otlher three at 22.5°C.

Three hundred miliiliters of solution to irradianted
were placed in 10C x 50 rm pyrex crystalizing dishes and
exposed toan ultraviolet source for 24 hours. [he source
was »nlaced 1 cm above the free surface of the solution.

fwo different energy sources were utilized. ‘he solu-
tions used in the first two runs (one at 34°C and the other
at 22.5°) were exposed to a short wave, mercury quartze
type table lermp (lfodel V 1) manufactured by U V Products
Inc., of San Gabriel, Californiaj who specify that the lamp
delivers a peaked beanm of 2537 K at two feet. The other
two runs were irradizted with a 17"-15 watt G.E. Champion
Germicidal Lamp which also delivzrs a beam at 2537 A.

To guarantee that tlhe solutions were evenly irradia=-
ted a r.egnetic teflon-covered ctirring bar was activated by
a nagnetic stirrer. Tic varieble recsistance of the c<tirrer
was by=pasced when it was found thnt it would heat the
solutions sbove 22.5°C over a 24+ hour period. [hus, the
kﬁob on the stirrer was set nt its nighest reading (zero
rcsistance) and the system was connzctel to a Powercstat.
This system provided excellent stirring velocity control

and eliminnted the leating »nrcblemn.
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The whole system was placed in a standsrd chemical

hood with the glass gzate lined with alwrinum foil. This was

'_h

done to nrevent ceither sunlight or artificial light fron
falling on the solutions. A constant strean of air going
through vents in the gzate and out tihrough an exhaust fan in
the nood kept the solutions at 22.%5°C.

Agitation, temmerature and air flow caused some evap-
oration from the surface of the solutions. Since a neasured
quantity was irradiated each tire, the volumes were easily
adjusted at the end of the exposure period with distilled

deionized water.

Preparation of the Biological lest Organism:

The seeds were soaked in distilled deionized woter at
25 °C for six hours in 2 germinator prior to zZermination.
These were tien rolled in nmoist paver towelilng ani »Hlaced up-
right in beakers witih an inch of distilled wmter. Lach paper
roll was covered with a layer of waxed paper to prevent
excessive evaporation. The peas were then »nlaced in a germi-

Ve

nator at 25° for from 3% to 40 hours allowing the seeds to
grow »rimary roots 2.5=3.0 cnn in length.

At the end of the germination period the seedlinzs
having the required rcot length were suspended on 1/4% inch
wazed wire rieshes and the rcots allowed to remain in a 1/4
strength loagland nutrient solution for two hours.

After a two nhour ecuilibration period one dish of

peas was allowed to remain undisturved to serve as the un-



treated control. [he renaining seedlings were transferred to
the 200 pvm tost colchicine sclutions, and malntnined in
them for 30 ninutes; after which they were renoved, washed
with distilled water and returncd to a nutrient solution.
All solutions were filter-zerated for the duration of the
experimental run. This was done to zcrate ancd agitate the
solutions so that ell tle seedlings received the same amount
of oxygen and nutrients.

’he concentrations chocen, especially the ones used
in treating tihie seedlings, are based on past experience and
the suzgesticon by Van't lof that tlie nost succecsiul con-
centration for tresting Pisum is 150 oom (3.75 x 10-h),
Because difficulty wes encountered in obt~aining tne desired
effect at this concentration a 200 pom solution was chosen.
Good results were obtained and a fairly rapid recovery period

was observed, without evidence of toxicity with the fresh
control solutions.

A 400 »pm (1 x 10-3l) soluticn was chosen as a stock
and expeririental solution, becocuse it wes close to the treat-
rent range and easily adj:stable for exnerinental purposes.

Five nrimery rcots were tnlen Irom tihe se2edlings in
eacl: culture dish every two hours affer the initistion of
trentrent for ten hours. 7ho exclsed prinary roots were
nlaced in Pinear's [ixetive, consisting of a 6:3:2 nixsure
of absclute nethanol, chlercorm and pronionic ~cid, and
evacu~ced for ten 1inutes. The anproprictcly coded vials

wers then capred snd pleced in a refrigerotor for 24 liours.
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The primary root mericstems were prenared for enalycis
by the Feulgen "sguacsh" technigue =fter the roots hed been
hydrolyzed in 111 iiCL at 50°C for 18 min. The prenared slides
were then dehydraced ia 9:1 zertiliary-butyl olcohol and abd-
solute eti.anol for at least 12 hours, then made pecrmanen

with dianiiane. liese slides were then exa:nined and scored

The characteristic "clw:p" and "scatter" confijurations

m 2

(Plate II, Figures A-3) induced in dividing cells of Pisum

root meristems (Powell, 1751) were used as the diaznocstic
index in this investigation. Eech "altered" solution o col-
cnicine was compaered to a solution kept in tihe dark ot rcon
tenperature, and to a fresh "uneltered" solutiony by recor=-
ding the nuwmber of "clumps", "scatters" and nor:al mitotic
figures occurring in the mericstematic tissues. Untreated
contrcl scedlings werc alco examined 2nd scored so zs to
nave a coatrol index of 1~itocis.

The "clumps" and "scetters" were eitlier recorced per
one thousand cells scored at ranuo or ver two-hundred poste-
pronhnses (“clwnps", "scatiers" and norual post-propiinscs)e.

o

Ffour out of ecvery five elides prenared pcr sam»nlinz siriod

were scored Jor the narticular conTigurctions mentioned,
and the averagcecs recorded.

~

Indices of effect (Iadder and Wilson, 129C) wcre ob=
tained at two Zour intervals up to cix licurs z
initiation of a 20 iinute trestment witi cclchicine. Curves

were plot-ec for thece »noints and the orea uncer these
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curves served as a measure of effect. Thcee areas, in arbi-

trary units, were then used to compare fresh trentient solu-

tions with "altered" colchicine soluiions.



OBEERVATICIS

Colchiicine zroduces several well Xnown and spccific
eberrations in mitosis. Specifically its action seens to be
on tue precursors of, and/or the zchromatic figure. This,
then, places the action of the conmpound at the prometaphase,
rietaphase and anaphase stages.

A characteristic effect observed in the cells of
treated pea seedlings is the "scattered metaphase" cf Levan's
c-mitosis. It has been sugzested that this is a nertial
effect on the spindle (Levan,1933-1939, Barber and Callan,
1743, D'Aneto, 1948a, Eigsti and Dustin, 1959, Hadder, 1957).
The second effect noted and believed to be duec to a complete
inactivation of the spindle is the "clunaped configuration
of Powell (1951), BDowen and Wilson (195%), Hadder and Wilson
(1958), Van't ilof (1961) and Greenberg (1952) for Pisum,
wihich eventually leads to polyploidy (Van't llof, 1950-1951).

Hadder and Wilson (1958), based their investigation
upon the degree of effect observed after treatment of pea
seedlings with fresh colchicine solutions of different con-
centrations. Their study suggested that "scatters" appear
first in time and "clumps" later, providing the dose is
high enough to produce then. They emphasized that "scatters"
can not zive rise to "clumps", cince with continuous low
dose treatuents only "scatters" are cbserved. They conclude
that,"'scatters' and 'clumps' express different degrees cof
the sare effect, znd trat the degrece of effect is denendent
upon dosage, wiich nay be expressed as duration of exposure

19
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to a given concentration.

The activity of the colchicine escluticns was rieasured
by means of 8 "Colchicine Index of Lffect" devised by these
investizators. The configurations appearing after treatment
had to be distinguished from each cther. Since "scatters"
annear pefore "cluups'y eand zre the only configuration appear-
ing with low dosesyand since it was assumned they represent
a less severe cytological effect than "clumps'y they were
rultiplied by a factor of one and "clumps" by a factor of

twoe.

Configuration Syrabol Weight
Clumps Z 2
Scatters Y 1
Normnal Post-proph. X 0

The total number of post=-provhases (n) scored per slide
was apnroximately 200 in all cases.
The Index of Effect is exnressed oy the following

formulazs

I. B« = 1(¥Y) + 2(7) + O(X)
n

It wes shown that this index changes smoothly with
tive, and the rate cl change 1s ‘epcndent upon dose, giving
a 1zeasure of activity or potency &t any given tine.

Van't of (1250-1951) determined that concentration
and durntion ol treantment are important in producing the

bect reaction and recovery fror the eflfects of the alkeloid.
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The resction time is that veriod Juring wiich clhromoccne
configurations ("cluumps" and/or "scoticrs") leading to tebLra-
‘ploidy are observed in significent numbers, aad reccvery
ne interval from peak rezction (which occurs at two
.

to the »noint where

o)
=

hours after the initistion sreacment)
ten or less per thousand figures siowing tlie effect are co-
served. Ile concludes, t.,ideally the duration of the treatment
should be as short as is consistent with a2 rapid rise in
and reccvery from the effect of the a2lkaloid."

In this investization, =s well as in the nrevious one
(Greenberg, 1232), a modlification of Hadder and Wilecn
(1958) study and the incorperation of Van't Hof's (1950)
ideas were followed in obtaininz reasurerients cf the effeoct
of tiic colcnicine sclutions.

Indices of effect were »nlctted =zt intcrvals of two
hours from 0-6 hours after the initiation of tre~tuient.
rrom the curves for thesc indices arezs were obtained in
arbitrery wnits. ‘hese areas give & 1rezsure of the teial
rezctlivity of the colcnhicine solutions =nd were uced to

)

compare fresh solutions witii each otlier and to their res-

'altered" solutions. Instead of treating the seed-

(6]
()
(@]
ct
[
<
()

lings continuoucly for the durstion of the experinent as
had been done by lladder and Wilcon, the seedlings were ex-
noced to a nalf hour nulse %Lrecinent as was sugicsted by
Van't Zof.

Data and informaticn have been incluide¢ in the tables

n the anpendix of this ranuscrint fron the previous study

23
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(Greenberg, 1952) dealing with observed varinoticns in the
ffectivere cf colcnicine kent under a variety of "sirn-

-~

dard" laborstory coniitions. ey hsve been incluisd in or-
der to present a genernl picture of oLcerved nodifications
of colchiicine effectiveness under these conditions.

‘he dota for the indices of e¢ffect and areas under
the curves for these indices are found in Iables III and IV
of the ajnynendix,

Reprecentative curves =re chown in Figures 2=-7 for the
drta taiten from Tables III and IV of the a»nnendix and inclu-
ded in Zable 1. lhey were chosen Dbecause tliey reprecent vhat

nos been otserved Tor some tinme by several investireotors in

our laboratory, but have not been rizidly cuantified and
cormpnared.
Figures 2, 3 #nd 4 represent data obtained for 2 fresh

treatient solution, a solution stored 2% hours in the dark
at 22.5°C, and a solution irradizted 24 hours at 34°C, with
ultraviolet light.

When the solution which was stored for 2%+ hours in the

dark at 22,5°C is cowmpered with its fresh couaterpart a loss

EarS

of 15 per cent in activity 2¢ observed. “he szlution irradia-
ted for 24 hours chows a loss of as :ucih as
activity.

Figures 5, 6 and 7 reprecseat d-ta for a frech coluticon,
a2 soluticn stored 3 weells in tie derii nb 0-5°C, ~an a sdlu=-
tion storzd in the dark at 22.5°C [or the sane length of

t il"’ie .
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Again it nay be observed that tlhe refrigerated solu-
seeizs to have lost about 5 vper cent activity, while the
solution kept et 22.5°% has lcst about 29 per cent of its
activity.
The percentage losces were obteined by using the fol-

loving fcrrmula:

Per cent loss = S] - SQ % 100

So
S, = area under the fresh sclution curve.
o)
S1 = area under tie "altered" solution curve.

In general, there 1s a slight decrease in activity with
an increasing length of tine of expnosure to higher tempera-
tures and artificial light. Wnen solutions are exposed to
ultraviolet lizht source there 1s a conciderable locss of
activity.

Solutions expocsed to artificial light for thiree weels
and fiftcen wz=ells snowed no anwarent loss of activity, the

solution exnosed for twelve hours showed 9 per ccnt los

6]

of =zctivity. Since the observed results give conilicting

(o]

data tihecy are not explainable =t this time.

lio Trash centrol was run for solution (3) exnosed to
lizht for 3 weelis and for solution (2) exposed for 15 weells.
Since they were prepvared fromm thie saie samnle of dry powder
and at the same time as their respective solutions (2) and
(1), it 1s believed that they are comparcble.

Tnis invectigation has showvn -nct different baotches
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cf the dry powdlder do not hiave the same bpiological activity.

This rmay be obscrved when the cctivities of the fresh sclu-
tions arec co:inared. Chere ray be as nuch as 57 per cent dif-

ference in activity.
Tablzs II of the appnendix contains data on the liitotic

ne nurver of dividing cells pecr

ct
ct

Indices, whicl renresen
tliousend scorcd ~t random, for the experinental runs. This
particuler messurement serves a2s an indicazor which would
show=-up any discrenancies in tiie test orgonism. Any varia-
bility in the %test organisn would rodify thc experimentel
results. It has been found and confirmed many tiies in our
laboratory that the average mitotic index of the "Alaska'

variety of Pisum sativum 1s close to 71.




DISCUSSICON

The purpose of this investigation, initiated to deter-
riine in a cuantitative manner changes in the biological ac-
tivity of colchicire when kept under certain "standard"
laboratory conditions and when exposed to ultraviolet light,
was attained in part.

Answers were sought to such cuestions as: "Does the
conpound remain steble either in the dry powder form or in
solution?“VWhat lakoratory storage conditions are best suited
for an unstable ccrmpound such as cclchicine?" "How lecng ray
the conpound be stored before any detectable chenses are
evident or c¢f major significance?®"

The action of colchicine on rnitcsis has been difficult
to assay and even today biochemical evidence for its "singu-
ler" acticn is conspicuously lacling. Conplicating the issue
are the effects of a vast rumber of chemicals, some relcted
to cclchicine and others not, which seem to behave es mitotic
poisons in a2 menner similar to colchicine. fhis has caused
much controversy over when and how tlie chemnicals act on
niitosis. Biecele (1958) points out that mitotic noicons
have been classified not so rmuch on the basis of their chen=
ical structures, but rether c¢n their effects on mitosis or
by the type cf aberrations they proauce in different pheses
of mitosis. This author points out that the cifficulty cen-
count=red in the classificaticn of mitotic poisons ccnsists
in the fact that a given zgent may induce more than one typne
cf averration, and that these rmay vary in intensity of ex-

22
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prescicn and the time at wiich they apneer. They have been
found to be denendent on the time of exposure and concentra-
tion utilized.

Hy»pio end Wilson (1955), intervret nitosis as a pro-
cess conposed of a number ol cycles of which epindle forma=-
tion, function and dissolution comprise a part. It is to
these particular phases of the mitotic process that Bowen
and Wilson (1954%) assign the action of colchicine. “he dro=-

cess of spincdle ferrmation snd function should not be consi-

dered a

m

ingle cycle, but rather the integration of several
metabolic cycles which eventuate in spindle formation and
function. Evidence for this comes from Biesele (1952), who
states that there 2re three pcssible points of attack on
the spindle fornation:

a. Inhibition of the formation of the epnaretus
from sulfur containing nrotein, RI!A and poly-
saccharide.

b Inhibition cf disulficde=bridge forriztion
(l'azia, 1955) by agents which disturb the
oxidation-recduction condition of the cells,

and by sulfhydryl reactants.

c. Inhibition of the "secondary-bonding mecha-
nism" described by lazia (1956) as essential
in spindle formation.

Interference witli any cne of these stages would lead

to inactivation of the spindle, and thus of chromosone

moverient in nmitosis.
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The uniqueness of cclchicine nay be seen vhen 1t is
conpared with the meny compounds which are known to affect
the svpindle. Colchicine is not toxic over the range of con=
centrations and conditions in which other compounds with
alleged c-mitotic activity are very toxic or ineffective
(Eigsti and Dustin,1955). Eigsti and Dustin (1955) also
make it guite clear that when compering the effects of col=-
chicine on the spindle, no general statement may be made
which can be apnlied to all living orgsnisms. An example 1is
the finding by Levan and 6stergren (1943) that colchicine
ic active at lower doses on Pisum than it is on Allium,

Although considerable studies have been made with
nany compounds which seem to confuse the issue, much has
been learned from them. Eigsti and Dustin (1955) and Biesele
(1958) point out that studies have been carried out to de=-
termine what groups sre necessary for the activity of the
cclehicine molecule. They also report thet modifications
of the molecule have been nade in order to deternine which
ones, if any, lead to an increzse in the effectiveness of
the compound in inducing polyplcidy or in inhibiting neoples=-
tic growth without being toxic to the organism.

Eigsti and Dustin (19595) sumnmarize the findings of
many investigators in four points characterizing the acti-
vity of colchicine.

a, It is of importance that the ecterified
side chains of rings B and C are at a pro-

per cCistence from easch other.
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be At least one methoxy group anpears to be
indispensable in ring A.
c. msterification of the amino-group of ring
B 1ay increese ectivity, but this 1s rot
necessary for activity.
de Ring C must be seven nembered and the
hydroxy group should be either esterified
or replaced by an amnino-group which is
itself esterified.
They present es an exariple the different activities
of colchicine and its isomer, isocolchicine, observed by
Steinegger and Levan (1947). The reasons for the differences,
they state, may lie in the formation of hydrogen bonds be=-
tween the side chains of ring C and Bj in particular the
methoxy groups. Thus, it seems these side chains are chemi-
cally active, and the same investigators proposed that a
chemical combination between the alkalcid and intracellular
receptors leads to spindle inactivation.
Vazia (1955) gives a probable expnlanation of the
reactions leading to spindle inectivation. He subjected
sea urchin eggs to colchicine and then icsolated the "mitotic
apparatus". e found that the contracted chrcrioscmes were
embedded in 2 gel=-like substance which showed no semblance
of organization. He proposed that the Tormation cf the spin-
dle from precursors involves two processes; the formztion
of a gel and the orientztion of the gel into a highly orga-

nized fibrillar structure. Colchicine, according to himn,
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seems to attack the latter process, and in doing so speci=-
ficelly seems to attack the “secondary bonding mechanism",
r'he possible targets seem to be the cell centers and kine=-
tochores.,

It hes been known for scme time that colchicine iso-
merizes tc its alpha, beta and gamma photoisoners when ex-
vosed to ultraviolet light and sunlight (Grewe, 1945, Grewe
and Wulf, 1951 and Forbes, 1955). It has also been found
that i1f colchicine solutions are left stznding and exposed
to eir they become toxie. It has been proposed, but not
fully established, that the observed toxicity is due to the
formation of a compound called "oxydicolchicine'" resulting
from the chemical combination of two colchicine riolecules
and an atom of oxygen (Eigsti and Dustin, 1955).

Chapman et al. (1963) have established the structures
of alpha and beta-=lumicolchicine and have vresented gocd
evidence for the structure of the garmma isomer. hey have
also found that the zlpha isonier is not forred when solutions
are exposed to a mercury arc lamp. Alpha-lwzicolchicine, a
head to head dimer of beta-lurnicolchicine, is formed only
when a cyanine cdye filter 1s interposed between the source
and the solution.

Forbes (1955) found that there was a preponderance
of the beta isomer formed when solutions were exposed to
sunlight. r‘here wzs 2lsc present in the solution a mixture
of the 2lpha and garma=lumicolchicre.

The solutions in this investigetion were exposed di-
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rectly to an ultraviolet light source without the cyanine
dye filter. It is cuite probable that very little zalpha-
lunicolchicine was formed in the irradiated solutions. The
beta and garma iscmers should heve formed, and since the
solutions showed losses cf biologicel activity it 1s very
likely that the two isomers are not as effective es colchi=-
cine,

There was evidence of toxicity as illustrated by the
presence of pycnotic nuclei in considerable numbers in the
first 2-4% hours after the initiation of treatment of the
seedlings.

Three possibilities riay be considerecd here to explsin
the toxicity observed. Since the solutions were exposed to
airy ultraviolet light irradiation may accelerate the for-
nation of the ccmpound"oxydicolchicine", mentioned by Eigsti
and Dustin (1955)3 another possibility is that the photo-
isomers themselves are toxicy and lastly it mzy well be that
a toxic compound, which may or mey not be related to col-
chicine, was formed in the solutions through irradiation.

Solutions meintained either under refrigeration or at
roon temperature in the dark or exposed to artificial light
showed progressive loss of activity with increase in sto-
rage time. Wo evidence of toxicity wes observed up to three
weelcsy but those solutions kent for a longer period of time
under artificial light did show some toxicity. Ageir air
was not excluded frcn these and tre possibiltiy that "oxy=-

dicolchicine" or sorme cther toxic ajgent rey have been pre-



sent cannot be ruled out.

Thus, from these results and those from physico-chemi=-
cal observations of Forbes (195%), Gardner et al, (19%0),
and especinlly Chapran and co-workers (1963), the point may
be made that the transformation of colchicine from a tri-
cyclic structure to its tetracyclic isomers has causecd a
reduction in c-mitotic activity. This supports Eigsti and
Dustin's (1955) 1ideas that the proper distance must be
raintained between the side groups of ring B and C, and that
the integrity of ring C rust also be maintained. ‘hese re-
lationships are changed vhen ring C is transformed into a
4 carbon C ring and a 5 carbon D ring, and the nmolecule of
colchicine tekes on new steric configurations. These changes
might possibly affect the rezctivity of the side groups and
their ability to act as hydrogen acceptors, which would be
in accord with Eigsti and Dustin's (1955) and l‘azia's (1956)
nypothesis on the action of colchicine on the spindle.

Although not an Integral pert of thls investigation,
observations were mnde on whether the "altered" solutions
were capable of inducing the c-tumor (colchicine-twior).
The results were not guantified, bul it was noted that the
irradiated solutions were capnable of inducing the c-tuwnor
in seedling roots. Eigsti ana Dustin (1955), describe the
c-twaor formation induced by colchicine and several other
compounds. They state that it has been well ecstablicshed
that c=-twror formation 2nd c-nitotic activity nre two dif-

Terent effects of the compound. In this cese c-nltotic acti=-
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vity was low and the c-tumor activity was comparable to thet
induced by fresh <solutionse.

The other sclutions subjected to various "standard"
laboratory conditions also gave.evidence of c=turor activi-
ty even when their c-mitotic activity was recuced compnred
to fresh colutions.

From evidence gnthered thus far it may be suzzested
that furthér work snould be carried out to determine the
blological activity of the different photoisoiers of col=-
chicine. With support from the physical sciences it has be-
cone eviuent that the relationship of the side groups to
a nmolecule and to themselves plus the structural configu-
ration of the whole molecule determines biological activity;
sucii is probably the case with colchicine.

Supporting evidence for this sugzestion comes from
workx done in our laboratory in the past by Tsou (195+) and
llypplo, Tsou and Wilson (1955) on the c-initotic action of
Technical Lindane.

Eigsti and Dustin (1955) reported that both the gamma
and delta isomers of Technical Lindane (hexachlorocyclohex-
ane) have been found to be active antimitotics by Carpentier
and Fromegeot (195C).

Tsou (unpublished) tested all five isorers of Tech-
nical Lindsane and found that only the gamma isoner was ace-
tive. This then points to the necessity of knowing waich
isomer of colchicine is active and wihich one(s) are respon-

sible for loss of activity and toxicity.
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It would be helpful if, through physico-chemical stu-
Gies, a nmethod of treating colchicine solutions could bhe
devised by means of which one could bes assured that the
isomer one hed in solution was the most active and would
give more or less the same results everytime it was used.
This would be of great irmportance when using colchicine in
tazging populztions of synchronous cells ~s proposed by
Van't ilof, Wilson and Colon (1950)3; inasmuch as variability
of tne colchicine solutions would be elirinated.

Gout, a2 metabolic cdisease, has been and still is treat-
ed with colchicine (Eigsti and Dustin, 1955, Stetten, 1958
and Copeman, 1954%). It would be of interest to know if col-
chicine per se or one of its isomers is beiter in the treat-
rient of the metabolic disecse.

In conclusion then, it has been found fromn the pre-
vious study (Greenberg, 1952) and from this investigation
that colchicine solutions begin to shiow loss ol activity
after storage for 2% hours in the dark atf room ternerature
(22,5°C) and =2fter 43 hours in the dark under refrigeration
(0=5°C). Solutions exposed to a fluorescent light source
gave inconclusive results. he sclution expnosed for 12 hours
shows a loss of about 9 per cent activity, while thc solu-
tions exposea for from 3 to 15 weeks are slightly niore ac-
tive than the f{resh tre-tinent solution. he controls them-
selves were not as active as dssirecble. Solutions cxnosed
to ultraviolet light dermonstrated considerable locs of ac-

tivity after 2% hours of exposure.
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It is also suggested that the dry nowaer {orm be tested
pefore use since it was found tha: it showed cignificoant
variation from batch to batch.

Increasing concentration =zna exposure time to colchi-
cine solutions will only increase the »robability of en-
countering toxicity. This ic very important tocmsider when
working with cells and tissues of warm blocded eninials, since
it is known that colchicine 1s toxic to them at concentra=

tions which are innocuous to nlants (Eigsti and Dustin,

1955).



SUILIARY AI'D COLCLUCICIHS

Solutions of colchicine were subjected to incident

0

irradistion from two radiant energy sourccs. Thls was cone

with the hope of determining what conditions ordinarily

found in "standard" research laboratories would be nost

suited for the storage of an unstabdle compound such as col-

cnicine. e data obtained could then be comipared quantita-

tively.

The results of the two invectigations, Greenberg (1952)

and this one, indicate that:

Qe

b.

Ce

de.

Ee

Colchicine solutions may be stored up to

48 hours at 0-5°C in the dark wikthout show-
ing anprecinable loss of biological activity.
Solutions subjected to irradiation by ultre=-
violet light showed considerable loss of
activity.

The dry powder forn of the 2lkaloid obtain-
ed fror: the sunnliers ic not constant in
the degree of effect induced, and that in-
divi‘nal sampnles of the powder, when stored
for long »neriods of tire in the dnrk =t O-
5°C, also lose biological activity.

With supnorting evidence from the litera=-

ture it is pocscsinle “hnrt the beta and gamra-

»

Junicolchicines ere not biclogically active
and may even be toxic.
It ic suagrested that further studies be

42
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carriasd cut usins the

8

(19538) test system to
purified photoicomers
derivatives to set up

system, with which to

adder and Wilson

test the activity of

D

nd other colchicine

.

a classification

correlate the results

observed witih knowm physico-chemical dota.
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Ficures A = B, lMitosis in Pisun sativum. orael cytologi-

cal confizurations, 2nd figures showing

effect of colchicine.

Figure A. Norral prorectanhase (»m) and metaphase ().
Figure 3. Clumn (cl), scattecred metaphase (sm) and
I ’ I

scattered aneniirse (sa).

Bach civicion of the scmle reuresents 10

riicrons,.
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Spectrophotorictric mensurctents werc made on solutions
wiilch were stored uncer various "standerd" laborctory con-
ditions in this investigrtion and the previous one (ircen-
berz, 1952). It wrs opned that observed modifications in tre
biologicml activity of colchicine solutions could be cor-
related tc observable changes in the ultraviolet licht ab-
sorntion neeks of the solutions.

Agueous solutins a%t 15 ppm were meacured with a 34
50y snectrophoioneter ane no veristicns coula be detected
between fresh rolutions ~nd those storecd uwnuer different
conditions for varyinz lengths of time, even when biologicrl
activity had been modified as measured by the Pilsun test.

o measurements were periormesd on the zolutions ex-

to ultraviolet lighte
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Murth:r studies cshould be carried out in 2 rore
systematic manner to correlate nhysicel and cheriical changces
with observed modifications of biological activity.

Snecial thonlis are extended to the 3iophysics Depart-

nent of 'ichignn State University for perrmitting the use of
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Tabhle IV, Arenas of “iie Curves of the Indigces cof Effect

Obtained frow the Frech and "Altcred" Colehiicine
Solutions.
Fresh Stored 12 hourc ia the dark at 77°C:
11.3 11.1
Frcsh Stored 12 hours in tie darls at 22.5°C:
10.2 1.5
Stored 12 hours in the lizht at 22.5°C:
9.2
Fresh Stored 24 hours in ihe dark at 5°C:
10.8 10.5
rresh Stored 2% hours in the dark at 22.5°C:
12,0 1.2
Irrad. 24 hours with uv ot 3+°Cs
Fresh Irrad. 24 hours with uv 2t 22.5%Cs: (1)
9.2 o7
Freosh Irrad. 24 hours with uv at 22.5°C: (2)
5.2 .Lk
Fresh: Irrad., 2% hours with uv at 22.5°C: (3)
7.3 2.5
Fresh Stored 3 weeks in the dark ot 5°C: (1)
10.9 8.0
Fresh Stored 3 weelrs in the darlk at 5°Cy (2)
11.0 101
Stored 3 weels in the dark at 22.5°C:
7.8
Fresh Stored 3 weelks in tie light at 22.5°C: (1)
9.8 1.4
Fresh Stored 3 wecks in the lizht at 22,5°C:(2)
9,5’ - -
Fresh Stered 3 weells in tie light a2t 22.5°C:(3)
- - 9.3
Frech Stored 15 weeks in tihe lirht at 22.59C: (1)
9.5 2,8
N . 0
Frash Stored 15 weeclis in the 1lizht at 22.5°C:(2)

jesls i
—- 7.5
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