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T HE ABILITY of colchicine to induce metaphase arrest of mitosis ( stathmo-

kinetic activity ) has made this alkaloid an important tool in the study of

many problems of cell division. A particular application of the colchicine

method is the evaluation of the proliferation rate. Such application, however,

meets with some limitations which vary according to the different cell types

studied.

The conditions required for the application of the colchicine technic to the

study of bone marrow cell proliferation in vivo have recently been defined,

hut the influence of some factors on the evaluation of the proliferation rate

by this method still remains uncertain ( Dustint).

The aim of this investigation was to study the rate of accumulation of ar-

rested metaphases in normal bone marrow after a single injection of coichicine,

and the effect of this alkaloid on the differential count of bone marrow cells

during the period �f accumulatioii of metaphases.

MATERIALS AND N’IETHODS

Experiment 1

AKR mice of both sexes, weighing 24-28 Gnu., were used in this experiment. In pre-

liminary experiments, it was established that the close of colchicine necessary to arrest, at
the metaphase stage, all bone marrow dividing cells was 1.2 mg./Kg. With the dose of 1

mg/Kg. used by other authors”4’5 in the rat, post-metaphase- mitotic figures were oc-

casionally observed in the bone nuarrow preparations of AKR mice.

Groups of mice were sacrificed at different time intervals after the subcutaneous injection

of colchicinc (1.2 mg/Kg.). From 6 to 10 animals were used in each group. The bone

marrow of the femurs of each animal was collected and fixed in 70 per cent methyl alcohol.

The preparations were made by the Feulgen squash nuethod according to the following

schedule:
1. Hydrolysis in iN HC1 at 60 C for 8 minutes.

2. Staining in Schiff reagent for one-half to one hour.

3. A small piece of bone marrow was transferred to a slide in 1-2 drops of 45 per cent

acetic acid, gently tapped, and then squashed as usual.

4. The preparation was made pemuanent by the dry-ice method (Conger and Fair-

child2). Two preparations for each fenuur were generally made. The scoring of

niitotic figures was done by counting 2000 cells in each preparation.

Experiment 2

WR rats, weighing 100-150 Gm., were used in these experiments in order to study

the accumulation of coichicine in the bone marrow at different time intervals after its
administration.
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Fifty rats were injected subcutaneously with 6 ilug. /Kg. of colchicine. The animals were

divided into five groups of 10 rats each, and were sacrificed respectively at 1, 2, 4, 6, and
8 hours after treatment.

The bone marrow of both fenuurs of eaclu aniiiual was collected amid dried in a desiccator

for 24-48 hours. The desiccated bone marrow was extracted directly with 10 ml. of chloro-

fornu, allowed to settle, and the solvent decanted into a filter. The extraction was re-

peated three times and the filter was washed repeatedly with chloroform. The conubined

solvent was evaporated to dryness and the residue dissolved with 10 ml. of iN HC1. The

procedure was then run according to the method of King.’ This method is based on the
conversion of colchicine to colchiceine by acid hydrolysis. The coichuiceine produces a

jade-green color with ferric chloride, which is suitable for spectro-photometric quantitative
measurenuents at a wave length of 470 m/t. The bone marrow of normal WR rats was

used as control for each determination.

Experiment 3

A group of 7 AKR mice treated with 1.2 mg/Kg. of colchuicine was sacrificed four

hours after colchicine treatment. An equal number of normal animals were killed simulta-

neously with the treated animals. Smears of the bone marrow of these animals were
prepared as usual for differential count. These smears were fixed with absolute methyl al-

cohol and stained by Giemsa.

RESULTS

Rate of Metaphase Accumulation

The stathmokinetic effect of colchicine on the hone marrow cells of the

treated mice appeared very shortly after the administration of the alkaloid.

One-half hour after the injection of colchicine, arrested metaphases

were present, and no anaphases were observed in the bone marrow prepara-

tions. The accumulation of arrested metaphases followed an almost linear

pattern from one-half hour to six hours after the injection of colchicine. Eight

hours after administration of colchicine, the number of arrested metaphases

decreased sharply (fig. 1).

Concentration of Colchicine in Bone Marrow

The concentration of colchicine in the bone marrow of the treated rats

increased progressively until the fourth hour after administration. It then

decreased, and at the sixth hour it dropped to almost the same value as that

found after one hour. No colchicine was detected in the bone marrow of the

animals sacrificed eight hours aft-r the injection of the alkaloid (fig. 2).

Effect of Colchicine on Bone Marrow Differential Count

The differential count of the bone marrow cells of the mice treated with

colchicine showed some variations in the ratio between mature and immature

cells, in comparison with normal animals. There was an increase in the per-

centage of immature granulocytes (myeloblasts, promyelocytes, myelocytes)

and a decrease in the percentage of more mature cells (metamyelocytes, band

cells, polymorphonuclears) in the treated animals. The variation in the per-

centage of mature and immature cells between treated animals and controls

was less than 5 per cent (fig. 3).
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Fig. 1.-Bone marrow mitotic
mice.

HOURS

indices after coichicine (1.2 mg./Kg.) in AKR

Slight differences in the percentage of the different maturation stages of

erythroblasts, between controls and treated animals, were also noted (fig. 4).

DISCUSSION

The conditions required for the application of the colchicine method to the

study of cell proliferation have recently been discussed by Leblond4 and

Dustin.’ As far as the bone marrow is concerned, three conditions are most

important.

1. The colchicine must stop, at the metaphase stage, all the cells entering

mitosis, without inhibiting cells to enter mitosis.

2. The rate of accumulation of the blocked metaphases must be a linear

function of time during the period of the experiment.

3. No important changes in the relative proportion of the different cell types

in the bone marrow should take place in the period of the experiment.

The accumulation of arrested metaphases followed, in our experiments, a

linear increase from one-half hour to six hours after the injection of the

alkaloid, and decreased thereafter. Piscitelli, et al.5 observed that the rate of

metaphase accumulation in the bone marrow of the rat was already decreased
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Fig. 2.-Colchicine concentration in the bone marrow of WR rats, plotted vs. the
time, after injection of a single dose of 6 mg./Kg. of the alkaloid.

six hours after the injection of the coichicine derivative. This variation may

be due to some difference in the activity of the desacetyl-N-methyl-colchicinc

in comparison with pure colchicine or to the lower dosage used by these

authors.

Attempts were made to (letermine the concentration of colchicine in tiuc

bone marrow of the mouse at different time intervals :ifter administration, imu

order to study the relationship between concentration of the alkaloid and its

cellular effect. However, consistent results could n�t he obtained in the

mouse. This was probably due to the fact that the dosage of colchicine injected,

and the amount of bone marrow obtainable from the mouse were too small

for accurate measurement of the alkaloid by the method used. For this reason,

the concentration of colchicine in the bone marrow was studied in rats in-

jected with a dose of the alkaloid (6 mg./Kg.) higher than that used in the

mouse. The concentration of colchicine in the rats thus treated increased

progressively from tlue first to tlue fourth luour, and fell to a low value at the sixth

hour after treatment (fig. 2). No colchicine was detectable in the bone mar-

row of animals sacrificed eight hours after the injection of the drug. Because

of the different dosage of colchicine and the different type of animal used in

these experiments, the results obtained in the rat can only be utilized as a

qualitative example of the modalities of accumulation of colchicine in the hone

marrow at different time intervals after its administration. It was found, how-

ever, that the pattern of the accumulation of colchicine in the bone marrow

cells of the rat was almost similar to the pattern of the metaphase accumulation

in the bone marrow of the mouse. Since the concentration of coichicine reached

the highest level at the fourth hour, and then fell sharply to zero level at the

eightlu hour, a drop in the metaphase accumulation between the fourth and
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Fig. 3.-Bone marrow changes in AKR mice four hours after the injection of a
single dose of colchicine (1.2 mg./Kg.). A = total nu!nber of cells of the granulo-
cvtic series; (1 = nuvelohlasts; b = promvelocvtes + nuvelocvtes; C = inetamvelo-

cytes + humid fornus; d = polvmorphonuclears.
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BY COLCHICINE
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Fig. 4.-Bone marrow changes in AKR mice four hours after the injection of a

single dose of colchicine (1.2 mg./Kg.). A = total number of cells of the erythro-
cytic series; a = basophilic ervthroblasts; b = polyehromatophilic erythroblasts;
c = acidophilic erythroblasts.

the eighth hour could be expected. Apparently, the concentration of colchi-

cine between the fourth and the sixth hour in the bone marrow of the mice

in our experiment was still sufficient to give a good st�thmokinetic effect.

In order to evaluate the limitations of the colchicine method applied to the

study of bone marrow cell proliferation, it is a very important to know whether,
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and to what extent, the bone marrow cell composition is affected 1w cot-

cluicine treatment during the time of the experiment. Previous studies ( Dixon

and Malden;( Das Gupta;7 Widmannst ) showed that a single injection of col-

chicine in animals was followed by a considerable increase in the number of

leukocytes in the peripheral l)tood. The leukocytosis appeared some hcurs

after the injection of this substance, and was often prt�cecled by a leukopenic

phase. The exact mechanism of these effects is not well known. Such cluanges

in the peripheral blood seem to be a common I)rol)ertv of iiiany anti-mitotic

agents ( Cardinali;’#{176} Cardinali and Piscitelli” ).

It �vas known that the 1)100(1 changes induced by colehicine are accompanied

l)�’ changes in the bone marrow cell conhl)osition, represented I)rimctrily by a

(liminution in mature elements ( WTidmaiuM� ) . These changes were Partic�1litrlY

striking many hours, or a few days, after a single treatment, or repeated treat-

ments, with coichicine. However, the effect of colchicine on the hone marrow,

in the period of maximum accumulation of metaphases. i.e., between 2 and 6

hours after the injection of colchicine, was not known.

Our study of the bone marrow of AKR mice treated by colchicine showed

that at the fourth hour after treatment, a decrease in the percentage of mature

cells was already present, but such a decrease was less than 5 �er cent. It

would seem, therefore, that during the first four hours after the colchicine

treatment, the changes in the bone marrow composition are not of such a

degree as to invalidate the application of this method to the study of bone

marrow proliferative activity.

In conclusion, the results obtained in this investigation showed that:

1. The effect of colchicine on the mitotic activity of mouse bone niarro�v

cells appeared very shortly after the administration of the alkaloid.

2. The accumulatioiu of arrested metaphases was a linear function of the

time from one-half hour to six hours after the injection of colchicine.

3. Four hours after the administration of the alkaloid, the differential count

of the bone marrow cells showed some changes, of moderate (legree however,

in the ratio between immature and mature cells, in treated animals as opposed

to controls.

4. The maximum concentration of colchicine in the bone marrow of the

rat was attained four hours after the injection of the alkaloid.

On the basis of these findings, tIme four-hour period s�’ems to be the optimal

time of action of colchicine in the mouse, for the study of bone marrow cell

proliferation.

The bone marrow changes induced by colchicine represent a limiting factor

in this technic which must be considered when absolute values of bone mar-

row cell proliferation are desired from its application.

SUMMARY

The rate of metaphase accumulation in the hone marrow cells of AKR mice

treated with colchicine was investigated. The influence of this alkaloid on

the differential count of the bone marrow cells in these animals was also

studied. It was demonstrated that the stathmokinetic effect of coichicine on

the bone marrow cells started almost immediately after the administration of
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the drug. The number of arrested metaphases increased linearly from one-half

hour to six hours after the injection of colchicine, and then fell rapidly.

In rats injected with colchicine, the changes in the hone marrow concentra-

tion of this compound were followed for eight hours. The colchicine concentra-

tions increased from the first to the fourth hour, and then fell rapidly, reaching

the zero level at the eighth hour.

From the results obtained, it appeared that four hours post-injection was

the most convenient time for the study of the bone marrow proliferative activ-

ity by the coichicine niethod when 1.2 mg./Kg. of colcliicine per body weight

was used. The fact that four hours after the injection, a mild decrease in the

�)ercentage of mature I)one iuiarrow granulocytes was found, may represent a

limiting factor, which is, however, of moderate importance in the application of

this technic.

SUMMABJO IN INTERLINGUA

Esseva investigate le accumulation de cellulas de metaphase in le medulla

ossee de muses AKR post tractamento con colchicina. Esseva etiam studiate le

influentia de iste alcaloide super le numeration differential del cellulas de

medulla ossee in iste animales. Esseva demonstrate que le effecto stathmocinetic

exercite per colchicina in le cellulas del medulla ossee comencia quasi im-

mediatemente post le administration del droga. Le numero del blocages de

metaphase cresceva linearmente inter tin medie hora e sex horas post le injec-

tion de coichicina e postea declinava rapidemente.

In rattos le alterationes occurrente in le concentration de coichicina in le

medulla ossee esseva observate durante octo horas post le injection del com-

posito. Le concentration de colchicina cresceva ab le prime ad le quarte hora

e postea dechnava rapidemente attingente le nivello zero post octo horas.

Le resultatos dcl presente investigation permitte le conclusion que quatro

horas post le injection es le plus convenibile tempore pro le studio del activitate

proliferative del medulla ossee per medio del methodo a colchicina si le com-

posito es usate in on concentration dc 1,2 mg per kg do peso corporee. Le

facto que quatro horas post le injection un leve declino esseva constatate in

le procentage de matur granulocytos del medulla ossee representa possibile-

mente un factor limitatori, sed istc non es de grande importantia in le applica-

tion de iste technica.
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