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almost empty the tube connecting it to tho 2-1. vessel is 
clipped off near the joint at tho 5-1. reservoir and the 
latter is replaced by a fresh reservoir. 

Tho apparatus has been used successfully to grow the 
strictly anaerobic Selenomona.~ rumfruzntium, a strictly 
anaerobic rumen lipolytic bacterium, and the facultativoly 
anaerobic rumen strain of Streptococm,1,B boviB. Although 
some failures havo boon cammd by breakage of glass parts 
or contaminat,ion, cultures of the anaerobic bacteria have 
boon kept going for morn than a month and thoro Rooms no 
reason why longer runR Rhould not be possible if necessary. 
Tho pumps have never failed during long runs and have 
had no parts renewed in two years' cxporimonts. The 
rubber tubing is generally renewed between runs and all 
joints of rubber to glass tubing are taped and wire-bound. 

The soleuomonad and streptococcal cultures have boon 
carried out under glucose-limiting conditions. Fig. 2 shows 
a run with tho lipolytic bacterium growing on glycerol in 
which a nitrogenous (or other so for unidentified) factor 
was limiting, with glycerol in excess. The basal medium 
used was like medium 14 of Hobson and Mann 2. The coll 
concentration is given in optical density units which were 
shown to bo proportional to cell dry weight. The maxi
mum growth in batch cultures was not attainod when 
medium flow was started. Tho low value at 164 h was 
caused by failuro of the carbon dioxide flow during the 
night. The culturo continued to fiow into the reservoir, 
but stirring by the pump G alone was not adequate. Under 
normal carbon dioxide flow mixing in the culture vessel is 
complete in I sec. This organism retained a uniform 
turbidity, but during long runs with tho solonomonad 
granular growth occasionally occurred. However, this 
reverted to normal growth in a day or two. Tho buffering 
capacity of the medium is sufficient to keep tho pH at an 
optimum lovol (about 6·2 usually). 

Continuous culture is thus a feasible method of obtain
ing large amounts of cells of rumen bacteria for onzyme 
and othtir preparations as well as for metabolic studies. 
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CYTOLOGY 

Duration and Rate of Mitosis after a Single 
Application of Methylcholanthrene 

SEVERAL authors1-' have commented on the signi
ficant increase of the mitotic count (called 'mitotic activity' 
by many authors) shortly after application of methyl
cholanthrene and other carcinogens to the epidermis. 
Tho increased mitotic count has, as a rule, been inter
preted as a sign of augmented growth, that is, an increased 
mitotic rate, The mitotic rate, defined as the number of 
uells that complete thnir mitoses per unit time, iR related 
to tho mitotic count and the mitotic duration as shown 
in the equation': (mitotic rate) x (mitotic duration) = 
mitotic count. 

Table I. liJIAN<1ER D[ EP!DRRMAT, MITOTIC COUN'I', Ml1'0TIO llUKATlON, AND 
M.TTOTIC Ii ATF: Ali,TF-:R A SINQLll-: Al1PLIOA'l'!ON OH 20·M~'l'HYLCHOLA.N'l,HRENE 

Time Mitotic count Mitotic duration Mitotic rate 
(weeks) (%) (h) (%/h) 

1 o-r,1.10-rn 1·57 o-:i:i 
2 0·30±0·10 1·42 0·21 
3 0•28+0·12 1·20 0·23 
4 0·10 I 0·05 0·87 0·22 
5 0·4L±. 0·05 l ·44 0·2Y 
7 0·21 ±!Hl5 O·KK 0•24 
8 11·41 ±0•14 1•30 0·20 
0 0•34±0·06 1·24 0·27 

10 0·41 lc0·12 1·25 0·33 
11 0·24 iO·Ol o·70 0·34 

The n1itotic cuuntH repreHent the means of group1-1 of four mice. Two 
thousand cells were counted In each specimen. The mitotic duration and 
rate represent the means of observations on 8 mice, 4 killed hefnrc am! 
4 after a delay of 4 h ancr lnjecHon of colcemid. 
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Fig. 1. Variations in mitotic rate, mitotic duration, and mitotic co~nt after 
a sing!~ application of 20-methylcholanthrene to the epidermis 

It can readily be seen that a high mitotic count can be 
the result of prolonged mitotic duration as well as of in
creased mitotic rate. The importance of variation in 
mitotic duration has sporadically been mentioned' but, 
has not been thoroughly emphasized until recently. 
Evensen''" has demonstrated that great variations occur 
in the mitotic duration during the first hours and days 
after application of a carcinogen to the epidermis. 

To examine this phenomenon further, groups of eight 
hairless mice were painted with 0·03 ml. of a 1 per cent 
solution of methylcholanthrene in benzene, and the mitotic 
count, the mitotic duration, and the mitotic rate were 
determined weekly during a period of 11 weeks. The 
mitotic duration was evaluated by the colcemid method'. 
Tho results are f!hown in Fig. 1 and Table 1. 

The initial increase and the subsequent fluctuations of 
the mitotic count are obviously a reflexion of the corro. 
,;ponding variations of the mitotic duration. The mitotic 
rate, however, decreases during the first two weeks to 
about half the normal value. Thereafter it displays a 
gradual and approximately linear increase. 

The profound effect of a single application of methyl
cholanthrene, observed also by other authors, is evident. 
The present results do not, however, indicate whether 
these variations arc causally related to the carcinogenic 
effect of this compound. 

KJELL ELOJO 

Institutt for Genoroll og Eksporimentell Patologi, 
Universitetet i Oslo, Rikshospitalet, 

Oslo. 
1 Cooper, Z. K., and Reller, H. C., ,l. Nat. Cancer Inst., 2, 335 (1942). 
'Cramer, W., and Stowell, H. E., J. Nat. Cancer Inst., 2, 370 (1942). 
'Ilerg, O. N .. Acta Path. et Mierobiol. Scand., 26, 34 (1048). 
• Olllcksmann, A., Cancer Iles., 5, :185 (1015), 
,\ T..chloml, C. P., arnl Walker, 'R. R., Ph11siol. Utm., 38, 258 (Hl56). 
• Mitchell, R. M., A nut. Rec., 101, 161 (1948). 
'Evensen, A., Acta Path. et Microbiol. Scand., Supp. 148 (1961). 
• Evensen, A .. Nature, 195, 718 (1062). 

Fluorescence Microscopy and Autoradio
graphy of Colchicine-induced Micronucleated 

Cells 
COLCHICINE inhibits mit.osis in plant and animal cells'. 

When colchicine-treated tissuo-cultured colls aro stainod 
wit,h acridino ornngc fl.uoroohrmnc u,nd viewed by fluores
cence microscopy, an impressive result of its activity is seen 
as a morphological disorganiimtion of tho nucloi 2 and 
subsequent formation of micronnclcatcd cells. X-irra.dia
t,ion causes a similar effect•. The origin of micronuclei 
may be account,ed for either by fragmentation of the inter-
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