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1. Colehicine is an gikaloid present in corms and roots of various
Liliaceas, particulariy Colchicun autuunsie, tvhe meadow saiiron.(Elein &
Polleuf '29) Although it hes never been fully syntheslzed, the resesrchses
of Windeus and others indicate the formu.s reprouﬁced here: (from Henry '3
'39) It will be observed that the nitrogen is on a side chain and tnat
MNedr wo! - .
there is an acetanilide nuoieus present. (Mote L) 7w iy i G
Saffron extracts nave been used since Byzantine times as an empiricd
specific‘for gout,(Rushy et al.,'30) Weter anc uric acid excretion are
stimuiatea. However i?testinal infiamuation and respiratory depression
Ireguently oceur so that this drug is not widely useu in modern practice,
ltexperature plays an important part in determining the ctoxicity of this
drug, warm biooded animals, Or irogs KepT &% & high Temperature,naviag
400 times wune sensitivity as cold-blooaed.(Funner,...,'33) Jacobson ('25)
reports a specific paraljsis of caralac parasympatnetic terminations. .
s s T et apan oo | prig st

Lorsniori tinds a modif{éacion 0f whe Arneth lLeucocyte count, & lowered

Tenal threshold ior glucose ana a aecrease of iiver glycogean, ail indica-

ting an interference with renal mechanisms, Cligrx § Barnes '4Q fina



That colchicine poisoning, iodoacetate poisoning, and adrenal-sorvical weri-
c¢iency are all relieved by the aaministration of salt-water or of cortieal

!
extract. '0'«4WLV

there are also scatiered reports in the French Litferature of stimulatory
erfects on parathyroid and %esticular tissue,

It is piain thatv the general pharmscoLogical eiriects of This arug neve now
as yet been reconciled in any comprenensive theory on the mechanrism of its
action/

2. It 1s not on the basis of the above-listed properties that Jolchicine

meritvs the atvention that it receives from bioLogists today. A number of other

€lrects of this drug have tcen recorded which .are traceable t0 1ts eriects on
e dosoribed beioh, m

ceil~divigion. The 1o tions, described below, whieh Colchicine introduces

iato cell-division uave been caliea tne C-litosis (Levan '3v). The early nis-

Aprrdi, & g . ‘
tory oi its elarificavion has tee¢n reviewed guite saeyuately ty Dermen '40, am
Pyie '3y, anu will not be repeatea here. The work or Levan ('s8,'sY) aescrites
the c-ritosis as roliows. -Bhe—maberiat- iM Toe rooT-weristen 0L Aliium ceps; Um
concentrations of the arug vaerying rrom ,007b50 t0 L, appl¥ed Ly merely grow-
ing whe roots 1in the test solution:

Prophases proceed normai.y, and polar cagg_may appegr in the earliestT

AL gmagaLresd
stages., HM—spindle however aoes not cecome organizeu, As g result the wetephkese

AMQWMA"

W never orientved, &ﬁ% Lhetcnrvm‘"‘m%s do not appear on the eyuavoriael pLane,
celli
Insveaa they remain scacterea about the ,spparently IOr as Long as Seven or
eighyt hours. The kKinetochore is ais¢ somewhat influencea for it does not ai-
vide ts i% wou d 1n thx normat rhythm., The keagxhyoé~%he chromosome does
however soon spiit, 1ua}—se§uL31nnwor»some -other. Iorca_.rre,a" the holved out
wj LLM
S0 that X shaped chromosomes appear, the point of juncture being the unsp&&t
LMA dmmM i astiai
Klnetochore. Evenﬁ this %00 aiviaes ylelulng-pg;rs in & Tetraplold Figwre
MW evl‘m*ﬂw
Telo na81c tranéiormatlon now ensues, bul the ulsorgesazrsetion ol tvhe caromu-

somes resuits in canalized ana in poiymorpnic, pycnotic nuelei. Tnese Lave



C-telophases give the faise appearance oi amivosis. These reconstitutea nuc-
- T
ciel are now tevtraploia oOr,8%-8ny rate 2¥re—-2% with respect to une parent“%fb“/
X Mﬁéhﬁ§
nuciei, Thus haploids can be maue TO yiejd howozygous ulpLOlaS. This proucess
77 duder ot cnrse
0L chromosome woucliing cean ce repeateaAinaefiniteLy. In tvhe reauction-aivicion
of the cporocytec {Levan *39) & fundomentally similar pattern appities, In sons
tic mitosis the presence of X-CAromosomes and the absence 0I tne spindle are
ciear alagnostlc *eatures tJ; colchicine actlv1ty»m5iQh”“”c**“”““M
. l\qbwb—(ﬂa)’) “ . .
This mechanism of poiypioidy depenas on the non-funeeien 0x the splnaie
ana is no% t0 te c¢onfused witn tnat ianduced in tne resting phase by netero-
uxin (Levan '39b)nor by that resulting irom une absence o0f new wali-Ioruavion
\’Vl 453()\1 MMV-’VC{’I ' .
oy purine alxaloias {Gosselin '40).
Cytoiogical invesvigations on tne er:ect%s oi colcnicine, parviculariy in-

teresting to genetiecists ror obvicous reasons, nave Deen wade 0n a great auwuber

of organisms, piant and animadi, some 0f whicn are swuuacrized in the foliowing

table:
TABLE I
Investigations on cytoiogical eriects ot Colchicine.
laterigl Etffect Referexnce
Tradescentia, stamen hrs c-mitosis Hebel & Rutovie 'H
Blemtitanas & Datura poliypioiay 3lakesiee ,.'37
Beg,Aliium,eta root c-mitosis Eigsti '48
Allium root c-mitoels (gooa ilius,) OC'liara 'ov
Triticum root c-mitosis Reams & King '4d8
var. rcots c-mitosis Shimamura '39
Pinus seeds ' mixed polyploidy Mirov,.,'sy
Pteridophyte ganm. polypLoiay icsenaani "4l
Marchanvia polyploidy blakeslee '3y
Spirogyra binucleate Yamena..'4l
Ssecharomycetes No Eftect Aichards '38
Schizomnycetes Ho Etfect Walker.. '40
Review on pilant material "~ Boas &VGistie '39.
Tissue culture (an.) arrested metupiase Ludford "6
ClLearizia '47
7,C. human cancer arrested metaphase Oughterson "7
viouse organs alter injection arrested metephase Brues & Conen 'Jdo
Frog (tadpole) tail epidermis arrested metaphs.se Lein '41
Frog egg arrested cleavage Keppadl ., '39
Prog egg . pyenotic nuelei Weilsh unpub
Rabtit ova arrested eleavage,tetrapldy Pinecus,, '39
Orthopteran testis giant sperm, differentiation

of celiuiar elements without
eeli division Dogley '4y



Provozom No Kizect Besms & Lvans 'ob, '40
Teratvotogical eir.ects,no aoutt resuiting xrom vne uisiorvion of cleavage

nave been reported as folilows:

Oryzias (teleost) Watermpen '4QC various
Gallus {(chieck) Ancel & Laiiemona 'strophosomic’
Rena (enuran) Jelsh uapub. exogastrulae

¥ - P . ’
Ve have every reason to teileve tnat the 'arrestea mevapnase of the

zoologlists is eyuivaient vO0 the c-mitosis ol tone bovanists, The inninition ox

2pinale Function is the priire cause.

) :
%Lﬂg-l ¥niire colehicine aemonstiraces c-mitosis witn Tue clearess aud greal

I €sT eriicacy, 1t 18 By 1O means tne oniy reagent uwiat will lnauve poiypiroiay

e

in tne manner aescribed. Tie irencn workers, partviculariy tne Gavaunusns, Souo

— | ———— ——
= R

nev, anua Guiunochey have asscriveu , 1in g series 01 papers in the C,R. Soec Eid
a gresv meny sucn eompuunds, inciuaing acenapinen,v-alchlorobenzene,napwneten
ana chlor--naphthelene, prenyl-urethane, euwner,cnioral nyarate, aua OLvners,
Tnere is no resolution of Tris L1ST on tne pasis 0 cnewicail SuLIUCJUre, inded
Luafora 'oo iinus tnai slight moaitricvations (aemethyiation) or Tue colcnicine
molecule desiroy 1its c-zetivitvy.

In particutar,however,tne anesciue ies are representea 1ln iné 14Sh,
and it nas been suggested that colchicine acts as an anesuwnetic, *nis view is
degait witn more fuiliy Lelow.

In concordence with the eilects on spinate s grealt nwuber or c¢on-
sisteny observetions have been maae indicating tuatmgtpnysical correlative o1

tne spindie innibition is a moaification or the viscosity riyuvaw 0f milosis

{Heilbruan '28). The errect is alwsys 2 requetion. in that viscosity., Wilbur ‘e
" it YD THVINNG'Y S yaltn, FAng L

geiatl nigdcompanying metephase is 1nnib-

A

'40 on Arbacis eggs Iinds tnat The

ived, tust that the stanaard viscosity is unarfrected., Beams & King comne &0 s
similar conelusion on Triticum seedlings, as aoes Wada ('40) on Living Traaes

cantia Staminal hairs, anu Lein '48 con Glycera eggs in nypotionic seawaier, T
N



The causali reilations or tihese pnenomens are not reveaied,nowever., That is to
say, 1is the colunicine erffsect airectiLy on the cytopiLasmiv viscosliiy, or 1s The
aiminution of the Lavter an incidenval consejuence Lo & more ulrec¢tv innibition
of the spindle. The supposed cowmon bensvior of anestnecvics in aecreasing vis-
cosity is8 ingveresving in uhis comiecvion, Further progress in inis uirecision
18 protatly vaitin, for independent progress of recgearcn on the nature orf the
spinadle,

Liliie('14,'18) has observed changes in waiLer-perneanllity anda electricad

— -
poiarity vi tne cell membrane auring sea-urcnin egg alvision, lowever,n0 re-
ports appear in tne Litersvure wltn respect TO colenicine e..ecis,

Guinocnet finds changes in tne pH and osmovic pressure 0o corcnlcinizew

Triticum seeurings.(G.,"4C) 2

pH vacuole Irom 4.,8-2,0 TO 4.4-4.8 «5 decrease
pd eytopLasm Lrom De4 R D& .2 decrease
Csm Pr ‘cery’ 7.1 t0 Ll.1l Atmose. bbp increase.

The increase in osmotic pressure is a refiecvion of the very Swoiien ap-
pearance tnat meristematic celis nave alver eriective treatment with colcni-
cine. The pi change 1s considered rurther bLeLOW.

There is a&s yc¢t 20 rabionels for coichinéne es.ects nere, The probiem may
nowever be atiacxed from a cnemical viewpoint., If onlLy ia s negstive way.ihe
WOrK tnere nas teen mors iruitviul.

Generat—constderations on tre ¢neristry of cell-aivision are alscusseu 1n
e—reporsThe-Biocheminsry of Celi-DIvision' Ty The present autner,vo wnicih
_reierence Saouwia Lo made. I¥ Ine relaTviCNsnRips beTween act%ivisy ana mevaborisa
—mepe there 124i0s%ea ¥0 TE Tompitex gna otscurse, ke cotcnicine sivuatvion can o

only emphasizc Thiss

Gal ('%8) working on the anesthetvic nypothesis tested the ©i.eCTS 0I ©OL-
snicine on The activities o1 dehydrogenases, and chefte; Tthe resuLts againcy

Wlueo . .wii Soaium cscoayfastve, wnich nas simitar cytologleal eriecuvs, The



cacoayiate had no errect on any of the rreils - sutcstrates. Colchicine hed no
erfect on succinic, glucose or giycogen dehydrogenases, but partialiy innibi-
ted tactic ana c¢iiric aenyarorencses, The source,unfortunatsLiy, was beef
muscle and Ltiver, in neither of which c-activiyy can be demonstrated, Howsver
an interesting nypotnesis o0 test wouid be tnat tne lowering or pH in Guiao-
chet's Triticum 1s a consequence of the accumuiation of lactie anda citric
acia. This hypotvhesis 1s especilaliy interezting in view of Ruhlana ana Rams-
norn's ('28) determinstions of the R in meristems, ana of tne Presence of
acetic dehyarogenases, indicsiving anserobic tfermentation. This is discussea
more completely in the succeeding report.

At any rate, colchirine does not work cy blLocking oxXygen supply at any ear-
Ly stvage. The efiects of oxygen bLock are very muchn airrerent. Brock,Druck-
rey, and Herkin ('39) find that colchicine concentrations o00x those rejuired
for compiete division &lock 1in Stongyiocentrotus have no eriect on tne oxygen
gonsurmytion 0f tnese esss. Patton & Nebel ('@9) fina that the drug does not
arfect respiravion at all at ,0002M, and halves it at .0004il. Both of these
concentrations probaciy are consiueraviy in excess of that required for c-mis
tosis in thelr material, exeised Zea roots, but no figures are given, The ans
wer tT0 this mechanism, tike tnat¥ for the anesthe®ic inhibition of otner ceri
activities is notv to pe sought iu tne toval respiration or metaboiism rut To
some specific moiety tuereor. In spite of these negative conclusions,an enzy-
matie hypothesis for ce-~activity remains a promising one, if not the only one
that ig cucceptitle to any foxrm of avtack.

Other observations on the enzymatic activity oI colchicine are mostly
negatives. However, Patton & Nebel, op ¢it, rind s aepression of proteolysis
at 8 concentration of .COC1LM whicn may be at or not %00 much above iune
threshola tor c-activity in their Zea roots.

Krugelis finds no inhibition oI the acid-pnospnatase zuctivity oI young

rat testis by colehiscine. (unpub.)



7
Smith,'4l, finds an accelergticn ot maLt diastase, and no airect innibi-
tion of invertase by colchicine.
Unce agasin we can only say tnat no final eonelusion is possiktle,
4, Althoﬁgn the main boay of this paper contains all of the previous
principal worx on colchicine, tne suthor is in tne miast of soue investiga-
tions which may yiela another approach. That investigation is by no means
complete: indeed 1t nas barely started, and tnis repser 1s not 40 ce regsrdd
in any sense && a puclication. It is intended ratrner as a systematization
0f the present situatvion, ana as & confricution 10r the inter®st OL Tnose
w0 nave showi some SoLicituae for my erxorsts in tnis airecvion. Conceguent
1y the remainder of tnis paper will te on a more speculative, nypotnetvicals
basis.

In the course ot some routine cytological stucdies on c-mivosis in
the Allium cepa root-tip, the author in Mareh Lly4l came across some inaica-
tions of a gradient-of-sussepeitiidiy w0 coircnicine in the onion root tip.
This was followeda up by some work in the Spring or LY4¢ wnicn coniirmea this
coneeption a8 10LL0WS:

Onion bulbs were grown in the dark over tap-water for -4 aays unvil
roots L-Z cm long appeared., Then s stated corchicine solution wes SubsStitu-
Teu IrOr tne water, replaced every few nours., The rbot-tips were tnen cutv o

av Svated Times, 1ixed, and stained for cytologicsal stuay. Covnts were made
0f 8du longivudinal sections or the types of daivision flgures presen%t, ana
segregateacinto the groups:! prophases,normud metapnases,aapnases, teloprasd
ana c-mitosesg. Lamera luciia sketcnes were made under Low power,aivision
rigures pickea out, and then sli Of these were exXauined under nigh gover,anm
the Type ana reiative locality of eacn sketeh mariked, Chnsrte I 2nalll are
grapnic representations or the numpers of eacn Type ot Iigure in » sections
with respect To time, a% ;006% and .00o% agueous coicalcine respectivedy,

'

The skescnes indicated very aerinitely unst aT tnese CCNCentrastions tne eI-—

Tect wes localizeq, 8N4 that furthermnore,u0rual ni (eko wWere alvays Iound



Wnen present,apical.y to c-mitoses., Furtuermore the Line of dersrcastion
was snhitted basipttaliy atv the higher concentration, alinousn tials line
shiftea very much more with time than in response to concentration Gif-
ference. l'o very satisfactory snalysis oz tne ciharts is yet tortneoming,
ana unecasva are s£tlli TOu 1ncomplete TO be e¢ntirelLy signiiieant so tnaey
are presentea wit.:.ouv corwent,

There are avy LewsST TWO POSciblLiTles in Tue inverpretation ot tne gra-
aient, requiring experimenvigl test. Decause of dit.erential assorvvion in

Tne regicn Of Gilierentlet.on Or eionfsalliong there ray exist an artizivial

CconeenTryTivil gradlent down tne rouvt %ip. Lr tne

craclent moy pe 1utrinsice
<2 Tne celis. Ir the zirst iuterprevation survives tess Ly cuvting auu Cul—
Turing experiments,it Wil. no3 be possible to use this approach, If the
graaient is intrinsic, the results ot atiempts to extinguish or azccentuate it
~would te most interesting. Such prelimirary experiments with Po, eyznide, o
rethylene blue indicate only that the balance c* figure-types is upcet by
the accunulation of prophuses v 0f vegeuvative cells, in accordance with tie
inderendent properiies of tnese reagents. At tnis point one can Culy sy UE
trat experinents are veling planned and wiii shoruly proceed,
The guthors atienpts 10 measure dehyurogenace aciivity on whoie tips
Was vitletved by the apsorpuion or methyiene blue by Tre cap ana eloagavicn
regions,iirst,anu tren uie neristeilt, wheln U0e €uelle Uil was golovrew, i was
Cue Tlrss 0 wec0lorize ia w.e TAULDELE vaABUW, miw UU1Y UECGOLUL1Z& il Sce
Seauedr W&l eCved Ly e presence o. cotenicine., Tne vonoivtlons Vi wug eXpErE
mend umgna repitvigion,
Tae aToenptT then U0 Ccorreigtle COL.apse CL SPiPuLe (WIICTLUL WL sl iuhl-
C1TLC: OF SO0uig UCET 01 rietabulle actlvivy wlen consinues, uus 4y L€% LS
4uLTe ungucvessiui. One Lass leporvanc ¢onslderav.On CUguT U0 06 KePv Lu
rmira: tae 1lmporconce ol distinguisining the i0WIi0Si¢ €. €ULE Ul GULGNLCLNE

ana wnose wnlicn oucur Tarouyn Hne meulgilcn OF e ceusgtloil 0r Cell ulvision

TS



Tne subsignce 0I Tuls report was presenced orallLy av a Boiany iw«
Seminar, Coiwsbia University, on Apridi g,194, &4 1n wrisien 1ozm

in a report O uhe 1nsSurucutor ITOr tust course, Or. WG haley.

"he companion-reperyv to wnis ¢ 'The biccnemistry or Celi-Division' was
Preparea Only &s a LaCKLTrouUnA 10r Tue study of colchlGlne €.1€c¢Ts, 8ua 18

lonoouplete O the ¢xtent tnat Tne colenicine Provlen wleds LO. JCiL cCIl 1.

July zs,1942, Josnua Leuerrerg
L0so East L850 Street

Yew Yory,li.Y.
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