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transient increase in virus production by the tumor 
tissue itself when it is explanted in vitro. LASFARGUES 
and MOOI~E have availed themselves of this to follow in 
electron mierographs the evolution of mouse mammary 
carcinoma virus at the surface of the tumor cells 9~. 

In this short survey it is impossible even to touch 
upon all the many facets of cancer research as ap- 
proached through tissue culture. References are there- 
fore given to several reviews and general discussions in 
which the reader may find more meat and expanded 
literature lists ~,23`29,Ssm,6c~,~s,95-10°. Our aim has been to 
sketch in briefly some of the more important current 
trends and ideas. 

If the panorama of tissue culture observations allows 
us to stress any single characteristic of the riving cell, 
that would be its versatility. The same cell in culture 
can vary its metabolic pattern from respiration to 
glycolysis3~; it can as a Schwann cell envelop an axis 
cylinder in myelination 101 or release itself and wander 
off like a macrophage x°2. It  can as a myoblast manu- 
facture the highly organized micellar bundles which 
characterize skeletal muscle ~03a04, or it can perform the 
type of synthesis which produces the equally specia- 
lized mitotic spindle and new chromosomal DNA. 
These are not the same types of activity and apparently 
it cannot perform both at the same time. As a con- 
sequence, ceils dividing rapidly over any considerable 
period tend to abandon, or suspend, their differen- 
tiating proclivities and lose many of their distinguish- 
ing marks. I t  becomes difficult to tetI ceils of normal 
lines from those of neoplastic lines in such cultures, 
where the biochemical equipment of both is pre- 
occupied almost exclusively with the activities in- 
volved in multiplication--which do not seem to be 
tissue-specific. Genetic alterations attendant upon ab- 
normal mitoses may confuse the picture further, and 
bring about permanent transformations from normal 
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to malignant and vice versa, as well as many irrelevant 
changes. 

Considering the potential fluidity of cellular behavior 
and the wide range of culture methods available, the 
fnture seems to hold hope for identifying and evalu- 
ating in the cell and in its environment some of the 
factors involved in steering the cellular generating 
mechanism from one type of activity to the other--from 
cytodifferentiation to proliferation, and back again. 

R d s u m d  

On donne ici un bref expos6 des principaux courants 
d'id6e qui se rattachent surtout £ la recherche anti- 
cancereuse telle qu'elle a 6t~ abordfie depuis la seconde 
guerre mondiale par la m6thode des cultures de tissus. 
De grands progr~s techniques ont aujourd'hui rendu 
possible la manipulation en masse de la cellule de mammi- 
f~res en cultures continues, cellute trait6e essentiellement 
comme mieroorganisme. Toutefois, eomme les celinles 
croissance rapide autant d'origine normale qne maligne 
perdent leurs caract~res individuels et finissent par se 
ressembler, l'int{:r~t se reporte actuellement sur les cul- 
tures de tissus organis6s, off les tacteurs favorables A la 
diff6renciation et an contr61e de la croissance peuvent 
~tre examines. 

R e p o r t  o n  t h e  C h e m o t h e r a p y  S e c t i o n  o f  t h e  

V I I  th I n t e r n a t i o n a l  C a n c e r  C o n g r e s s *  

By W. DAVIS, London** 

The VID h International Cancer Congress held in 
London in July, 1958, showed how wide the develop- 
inents of chemotherapy have now become in this field. 

Clinical reports dealt with refinements in the mode 
of administration of existing drugs and the enhanced 
therapeutic results that  ensued. The use of drugs as 
adjuvants to surgery earned attention too. At the 
same time, on the chemical side, many of the experi- 
mental papers dealt with newer drugs derived from 
already estabhshed parent compounds. This was 
especially true of the nitrogen mustards, but  applied 
to several others in both the classes of alkylating 
agents and antimetabolites. A very few compounds 
were described that had not been derived from existing 
tumour-inhibiting drugs, but for none of these were 
there any substantial clinical claims. 

The mode of administration of the earliest nitrogen 
mustard, HN2--  di-2-chloroethylmethyl amine-- was by 
intravenous injection. This was the first clinical ap- 
plication of an alkylating drug and much of the later 

* The Abstracts  of the VII th  Internat ional  Cancer Congress 
were published under the auspices of the Internat ional  Union against 
Cancer in London, Ju ly  1958. The fulI reports of the Congress will 
be published in a special edition of the ACTA of the International 
Union against Cancer, 

** Chester Beat ty  Research Inst i tute,  Royal Cancer Hospital, 
London. 
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development in this series was devoted to the pro- 
duction of related compounds that retained thera- 
peutic activity, but shed the vesicant action of the 
parent drug. Many newer drugs could then be tabletted 
and administered orally. Both these modes of ad- 
ministration were of course going to produce a general 
concentration of the drug throughout the system, and 
this imposed an upper limit on dosages, since damage 
to bone marrow and the intestinal mucosae was bound 
to accompany any therapeutic effect. This in turn has 
limited the application of these chemotherapeutic 
agents to the systemic malignant diseases like the 
leukaemias and Hodgkin's disease. E. T. KREMENTZ 
(New Orleans) has now developed a method by which 
a chemotherapeutic agent may be administered locally 
by regional perfusion through an extracorporeal 
circuit. He is able to isolate a limb by closing artery 
and vein and perfusing with a bubble oxygenator. In 
experiments with dogs, he has developed techniques 
for perfusing the limb, the mid gut and the liver. Clini- 
cally the method has been applied in treating success- 
fully a patient with lymphangitic recurrence of malig- 
nant melanoma in the leg. The doses of melphalan-- 
p-di-2-chloroethylaminophenylalanine -- thus adminis- 
tered would have produced marked systemic toxic 
effects had they been given generally. 

In many papers and discussions, the role of chemo- 
therapeutic agents in the management of neoplasms 
was considered in a general way. L. LARIONOV (Mos- 
Cow) maintained that provided chemotherapy was 
started early enough and maintained as close as pos- 
sible to maximum tolerated dose, it alone was capable 
of producing very long remissions in cases of leukaemia. 
L. I-IEILMEYER (Freiburg) had analysed survival time 
after diagnosis in patients with Hodgkin's disease and 
chronic myeloid and lymphatic leukaemia who received 
radiation, or chemotherapy or both. His results showed 
the longest survival time (54-5 months) for those 
patients receiving radiation alone. Combined radiation 
and chemotherapy gave an intermediate survival time 
(46"3 months), whilst for chemotherapy alone the time 
was reduced to 42.2 months. These figures tended to be 
heavily weighted in favour of radiation, since in that 
group were all the patients who responded satisfactorily 
from the start of that form of treatment. 

The combination of chemotherapy with surgery 
revealed an important controversy. Theoretically, ad- 
ministration of a chemotherapeutic agent at the time 
of surgical excision of a tumour should serve to mini- 
mise the ever-present risk of metastasis. This had been 
demonstrated experimentally by H. SATO (Japan) who 
was able to suppress completely the formation of 
metastases in mice by administering nitromin fol- 
lowing the surgical removal of tumours induced by 
subcutaneous transplantation of ascitic hepatomas. 
The clinical experience of B. RUBANYI (Budapest) who 
had used Degranol both pre- and post-operatively, and 

of R. GRoss (Marburg) who had used Endoxan post- 
operatively showed no undesirable side-effects nor any 
interference with wound healing. J. F. BINKLEY (Okla- 
homa, U.S.A.) who reported on ten years' experience 
of nitrogen mustard as an adjuvant to surgery was 
perhaps more equivocal in his estimation of the results. 
Moreover, in the discussion following these papers, 
cases were reported in which nitrogen mustard ad- 
ministration had interfered with normal granulation 
and others in which abscesses during healing had been 
encountered where excision of a bronchial carcinoma 
had been followed by chemotherapy. 

Many of the chemical developments of the nitrogen 
mustards are attempts to achieve chemically what 
E. T. KRE~mNTZ is doing surgically, devices to take 
the active chloroethylamine specifically to its infended 
site of action. L. G. ISRAELS (Winnipeg) described 
clinical trials with just such a drug, CB. 1414 (4-di-2"- 
chloroethylamino-2-methylazobenzene-2'-carboxylic 
acid) designed by W. C. J. Ross and G. P. \VARWlCK 
(London) to be active only after reductive fission of the 
azo-bond had occurred. Endoxan (N-di-2-chloroethyl 
0, N'-trimethylene phosphorodiamidate) was syn- 
thesised by H. ARNOLD (Brackwede, Germany) with 
a similar rationale in mind. The intact molecule would 
be generally distributed after administration but, in 
those sites in the body where there was high phosphoro- 
amidase activity, perhaps in the tumour itself, the 
active di-2-chtoroethylamine would be released. Sub- 
sequent experiment has suggested, in fact, a different 
mechanism of action for this drug, but the rational 
approach of the alkylating agent with latent activity 
remains valid. 

Another group of modified nitrogen mustards is 
exemplified by the phenylalanine nitrogen mustard, 
referred to earlier, the sarcolysine peptides and dopan. 
In these drugs the active chloroethyl moiety is attached 
in one case to an amino-acid, in another a peptide and 
the third a pyrimidine in the hope that the carrying 
structure might impart a certain selectivity of action, 
by bringing about some natural metabolic involvement 
of the drug. The sarcolysine peptides were reported by 
L. LARIONOV (Moscow) who claimed that they were 
able to produce a regression in certain transplantable 
tumours of rats and mice without causing depression of 
haemopoiesis. 

Useful drugs have been produced by carrying the 
alkylating groups on a carbohydrate-like residue. 
A. ECVmARD'r (Budapest) described the use of manno- 
mustine (Degranol) in the treatment of malignant 
lymphomas and leukaemias. Degranol is l:6-desoxy- 
bis-(2'chloroethylamino)-D-mannitol dihydrochloride 
and is much less toxic than other chloroethylamines. 
An analogous drug known as CB. 2511 was mentioned 
by A. HADDOW (London). This drug, made by G. M. 
TIr~fMIS and S. S. BROWN, is the 1:6-bis methane- 
sulphonyl derivative of mannitol and is in a parallel 
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way much less toxic than busulphan (Myleran), which 
is bismethanesulphonoxybutane. 

1:2-3:4 Di-epoxybutane had been recently re-ex- 
amined by J. BICHEL (Aarhus, Denmark), who de- 
monstrated tumour inhibitory activity in both meso- 
and all-forms. The meso-compound, however, was con- 
siderably more toxic and clinical trials, especially 
against Hodgkin's disease, were being carried out with 
the all-form. I. S. JOHNSON (Indianapolis) reported tests 
on a number of basic bis-epoxides, for example, N,N'- 
bis (2:3 epoxypropyl)piperazine and N,N'dimethyl- 
N,N'-bis(2:3 epoxypropyl) tetramethylene diamine, 
which would prolong life in experimental mouse 
leukaemias. In clinical trials, I. H. KRAKOFF (New 
York) found some therapeutic effect with the piper- 
azine derivative but the responses which did occur 
were all of brief duration. Many other clinical reports 
showed that TEM and Thio-TEPA, both alkylating 
drugs whose active grouping is ethyleneimino-, are still 
being widely used, but apart from the already well- 
established ethyleneimino-derivatives of benzoquinone 
(Bayer E 39 and A 139) no new drugs of this type were 
described. F. L. ROSE (Macclesfield, Great Britain) had, 
however, attempted the preparation of the similar bis- 
or tris-diazomethyl-derivatives of 1 : 3: 5-triazine. These 
attempts were not successful, but 2-diazomethyl-4:6- 
diamino-1:3:5 triazine was made and did show in- 
hibitory action against some experimental animal 
tumours. 

Alongside the alkylating agents and receiving a 
similar amount of attention from both clinicians and 
experimental workers, the antimetabolites were widely 
reported. The clinical application of the most widely 
known drug in this field, 6-mercaptopurine (Purinethot) 
showed that it still commanded support, but some of 
the newer antimetabolites had aroused considerable 
interest. E. FREI (Bethesda, U.S.A.) had conducted 
clinical trials with 6-azauracil and he and his colleagues 
found haematological improvement in five out of six- 
.teen patients suffering from acute leukaemia, but the 
high neurotoxicity of this uracil antagonist pIaced 
a serious limitation on its further application. With 
urethane, however, 6-azauracit displayed a marked 
synergism and as reported by GERTRUDE ELION (Tucka- 
hoe, U.S.A.) it strongly potentiated the inhibitory 
action of urethane on thegrowth of the experimental 
tumour, Ca 755. The riboside of this same compound, 
6-azauridine, has been synthesised by A. D. WELC~ 
(New Haven, U.S.A.) who described experiments in 
which the riboside was shown to have a wider spectrum 
of activity than the parent pyrimidine. 

5-Flnorouracil and 5-fluoro-orotic acid had been 
synthesised and studied by R. DUSCHINSKY, E. PLE- 
YEN, and C. HEIDELBERGER (U.S.A.). Both compounds 
exerted a profound antibacterial activity in vitro and 
inhibited a variety of transplanted animal tumours. 
Extensive biochemical studies had shown that 5-fluoro- 

uracil can actually become incorporated as its nucleo- 
tide to give a 'fraudulent' nucleic acid in various 
tissues, whilst at the same time tending to inhibit 
nucleic acid synthesis. Clinical evaluation of 5-fluoro- 
uracil was given by A. R. CURRERI (Madison, U.S.A.). 
Of 15 patients with mammary carcinoma, 13 showed 
improvement after treatment as did 5 out of 18 cases 
of cancer of the colon and rectum. Some hepatomas 
and ovarian tumours also responded. The riboside and 
deoxyriboside of 5-fluorouracil have been synthesised 
and are under investigation. 

There were unfortunately very few reports of 
searches for tumour inhibitory compounds beyond the 
main groups of alkylating agents and anti-metabolites. 
A, FURST (Stanford, U.S.A.) described the inhibition 
of the Ehrlich ascites tumour in mice with Kethoxal 
(ct-ketofl-ethoxybutyraldehyde). He suggested that 
this compound with its adjacent carbonyl groups 
might antagonise chemically similar, known meta- 
bolites in the Krebs cycle. Other compounds of this 
type and their derivatives have been examined by 
F. A. FRENCH et al. (San Francisco, U.S.A.). They 
found that a number of dicarbonyl compounds in- 
cluding glyoxal, malonaldehyde, succinaldehyde and 
a number of ~-ketoaldehydes were all active against 
experimental leukaemias and ascites tumours. Some of 
the hydrazones and oximes derived from the di- 
carbonyls also possessed carcinostatic activity, in- 
cluding glyoxal-bis-guanylhydrazone, glyoxal-bis-thio- 
semicarbazone, glyoxime and succinaldoxime. The 
most promising of these, glyoxal-bis-guanylhydrazone, 
is undergoing preliminary clinical studies. 

Significant inhibition of mouse melanoma was ob- 
tained by V. RILEY (New York), with orlho-, meta-, and 
para-phenylenediamine. He had already demonstrated 
a specific oxygen-absorbing reaction between these 
diamines and dihydroxyphenylalanine which is a 
melanoma metabolite. This reaction presumably also 
constituted a detoxication mechanism, for tumour- 
bearing mice, when challenged with these compounds, 
could tolerate far higher doses than could normal mice. 
RILEY had, in fact, used this comparison to bring to 
light biochemical or metabolic distinctions between 
normal and tumour-bearing animals and considered 
that this approach offered diagnostic as well as chemo- 
therapeutic possibilities. 

The fundamental biochemical approach to tumour 
chemotherapy was made in the paper presented by 
VAN R. POTTER (Madison, U.S.A.) who discussed the 
application of radioactive intermediates to the study 
of differences in the metabolic pathways in normal and 
malignant tissue. S. WEINHOUSE (Philadelphia, U.S.A.) 
compared the respiratory properties of tumours 
especially in relation to pathways in glucose catabo- 
lism. 

Abnormal enzymic activity in tumours was dis- 
cussed for instance by G. WEBER and A. CANTERO 
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(Montreal) who noted the absence of fructose 1:6-di-  
phosphatase ac t iv i ty  in hepatomas,  and  by  F. BERGEL 
(London) who argued the case of the invo lvement  of 
enzymes and  co-enzymes in  carcino-ehemotherapy in 
relat ion to xan th ine  oxidase and  ribonuclease. The 
approach of M. B. SAHASRABUDHE (Bombay) fell in 
this same group. He argued tha t  since adenine is a 
common precursor of bo th  nucleic acid and  the pyridine 
nucleotides, rapid synthesis  of nucleic a c i d - s u c h  as 
exists in t u m o u r s - t e n d s  to be accompanied by  a 
lowering of the pyr idine nucleotide levels. Yet pyridine 
nucleotide is required for hydrogen t ranspor t  and 
energy production,  and  so SAHASRABUDHE suggested 
that  an  a l te rnat ive  pa thway  involving hexose-mono- 
phosphate oxidat ion mus t  be involved in tumour  

growth. Ant imetabol i tes  aimed at this pa thway  should 
then be specific antagonis ts  of ma l ignan t  growth. Such 
a compound,  th iophene-2:5-dicarboxyl ic  acid, had 
been shown to inhib i t  an exper imenta l  rat  tumour,  

J.  SCHULTZ (Philadelphia,  U.S.A.) found that  ex-  
per imenta l  chloroma was ext remely  sensitive to Thio- 
T E P A - t h e  t r ie thylene thiophosphoramide.  These tu-  
mours  are ext remely  rich in  porphyr in  and  it was found 
tha t  tumours,  otherwise refractory to this drug, could 
be sensitized by  p re t r ca tmen t  with porphyrin.  This 

approach offers wide scope for enhanc ing  the effective- 
ness of a l ready known a n t i - t u m o u r  drugs. 

The overall  picture of chemothe rapy  then,  as it  was 
presented at  the Congress, was one of essential ly stow 
step-wise development  from a l ready establ ished 
knowledge, together with a small  bu t  i mpor t a n t  
leavening of new ideas and  approaches t ha t  would per- 
haps become the established positions of the future.  

Zusammen/assung 

Die Chemotherapie yon b6sartigen Gcchwtilsten und 
LeukXmien wurde am VII.  Internationalen Krebskongress 
in London sowohl vom Gesichtspunkt der Klinik wie yon 
demjenigen der experimentellen Forschung aus behandelt. 

Nahezu alle in diesem Zusammenhang erwRhnten Phar- 
maka geh6ren entweder zur Gruppe der Alkylierungs- 
mittel oder aber zu derjenigen der Stofflvechselanta- 
gonisten. 

Das klinische Interesse galt vor allem der Verbesserung 
von therapeutischen Anwendungsweisen bereits aner- 
kannter  Heilmittel, deren Brauehbarkeit zur Unter- 
stiitzung der Chirurgie, sowie der Prtifung neuartiger Sub- 
stanzen mit  m6glicher Hemmungswirkung auf Tumoren. 

Die Beitr/tge auf dem experimentellen Gebiet umfassten 
biochemisehe Studien fiber den Wirkungsmechanismus 
yon Krebspharrnaka und fiber den biologischen Einbau 
yon Stoffwechselantagonisten. Einige Vortriige behan- 
delten die Frage, welche Bedeutung den Enzymeu in der 
Chemotherapie des Krebses zukomme. 
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K o n s t i t u t i o n  d e s  C i n o b u f a g i n s  ~ 

Cinobufagin (I), das Hauptbufogenin der chinesischen 
Kr6tengiftdroge Ch'an Su, besitzt die Formel CuHuO s. 
5 der 6 Sauerstoffatome sind bisher in ihrer Funkt ion ein- 
deutig abgekt/irt worden und verteilen sich auf die folgen- 
den Gruppen: ein sekund~ires Hydroxyl (vermutlich an 
C-3), den Lactonring und eine Aeetoxygruppe ~. Letztere 
wird schon durch KHCO~ verseift 3, woraus der Schluss 
gezogen wurdO, dass diese an C-16 des Sterinskelets zu 
plazieren ist. Die Funkt ion  des 6. und letzten Sauerstoff- 
atoms des Cinobufagins konnte vor kurzern ~ auf spektro- 
skopischem V~ege geklfirt werden: das IR.-Absorptions- 
spektrum des Acetylcinobufagins (II) wies eine gut sieht- 
bare Bande bei ca. 3,31-3,32 pt anf, die der CH-Schwin- 
gung eines sekund~r-terti~iren Epoxyds zukommt 5-7. Wir 
haben bereits die Vermutung ausgesprochen, dass diese 

Sauerstoffbrticke in Analogie zur Epoxy-Gruppe des Resi- 
bufogenins 7 an C-14/C-15 fixiert ist. Unter Befiicksichti- 
gung der oben angefiihrten Befunde k/ime somit ftir Cino- 
bufagin die Formel I in Frage. Wie im Folgenden gezeigt 
wird, liess sieh diese Vermutung exakt beweisen. 

13ei der Oxydation yon Acetylcinobufagin (II) mit  
KMnO 4 in Aeeton war einc SSmre C24Ha~O~ erhatten 
worden, die als gut kristallisierter Methylester der Formel 
C~sHa60 7 charakterisiert werden konntO.  Dieser wurde 
nun  mit LiAIH 4 reduziertm, wobei ein Tetrol gewonnen 
werden konnte, das nach Acetylierung eine kristallisierte 
Acetylverbindung gab, die auf Grund des Schmelz- 
punktes, der Mischprobe, der spez. Drehung und des IR.- 
Spektrums identisch war mit  3fl, 16fl, 20-Triacetoxy-14- 
hydroxy-21-nor-5fl, 14fl-pregnan (III). I I I  war durch ana- 
loge Reduktion des 3fl, 16fl-Diacetoxy-14-hydroxy-5fl, 14fl- 
Xtians~iure-methylesters (V) * [aus DiacetyIgitoxigenin 
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