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Abstract--4’-Deoxydoxorubicin (4’-DOX) is an analogue of the anticancer drug Adriamycin (ADR) 
believed to lack its cardiotoxicity. Bioreduction to a semi-quinone free radical has been implicated in 
the etiology of ADR induced cardiotoxicity. We have studied (in a rat model) acute cardiotoxicity (after 
16 mg/kg i.v. of both drugs), antitumour activity (after 5 mg/kg i.v.) and the relationship to disposition 
and metabolism in the target tissues (after 5 mg/kg i.v.). 7-Deoxyaglycones, which are considered 
inactive lipophilic metabolites derived from ADR semi-quinone, were utilised as markers of in vivo 
tissue free radical generation. Both drugs produced toxicity of equal severity to hearts after 24 hr. 
associated with high cardiac levels of ‘I-deoxyaglycones in the case of ADR (AU&,,, H/g x hr: ADR, 
47; ADR 7-deoxyaglycone (ADR-DONE), 24; and adriamycinol7-deoxyaglycone (AOL-DONE), 35) 
compared to low cardiac levels of 7-deoxyaglycones but a times five higher peak cardiac concentration 
of parent drug in the case of 4’-DOX (AU&,, &g x hr: 4’-DOX, 68; 4’-DOX-DONE, 3.8; and 4’- 
DOL-DONE, 0.8). 4’-DOX displayed superior antitumour activity to ADR against the MC 
4OA sarcoma growing sub-cutaneously, achieving higher concentrations of parent drug in tumour 
(AU&t,,, &g x hr: 4’-DOX, 150; ADR, 60). There was an absence of 7-deoxyaglycones of both 
drugs in the tumour. These data suggest that drug bioreduction is involved principally only in ADR 
induced cardiotoxicity and that the level of unchanged parent drug achieved in the tumour is the most 
important pharmacokinetic determinant of antitumour activity for both ADR and 4’-DOX. 

Adriamycin (ADR) is clinically the most useful mem- 
ber of the large group of anthracycline anticancer 
drugs [l]. It is subject to specific dose-dependent 
cardiotoxicity which limits its administration to 
patients to a recommended safe cumulative dose 
of 550 mg/m2 [2]. Well defined morphological and 
ultrastructural changes accompany ADR induced 
cardiotoxicity characterised by nucleolar segregation 
and loss, swelling and degeneration of mitochondria 
and sarcoplasmic reticulum, appearance of intra- 
mitochondrial dense inclusion bodies and mito- 
chondrial vacuolation [3-51. The exact mechanism of 
this cardiotoxicity is unknown. A number of theories 
exist based on observation of drug-induced bio- 
chemical lesion in heart tissue such as: inhibition of 
oxidative phosphorylation, inhibition of Na+-Ca2+ 
exchange, inhibition of Na+-K+ ATPase function 
and specific binding to membrane phospholipids 
[6-91. Several pieces of circumstantial evidence sug- 
gest that the active toxic form of the drug is not ADR 
itself but the products of drug biotransformation: 
ADR semi-quinone free radical, the ADR hydro- 
quinone intermediate and reactive species derived 
from molecular oxygen [l&14]. Products of lipid 
peroxidation have been identified in the hearts of 

t To whom correspondence should be addressed, at pre- 
sent address: I.C.R.F. Medical Oncology Unit, Western 
General Hospital, Edinburgh, EH4 2XU, UK. 

mice and have correlated with ADR-induced car- 
diotoxicity [15]. 7-Deoxyaglycone metabolites of 
ADR are detected as stable bi-products of in uitro 
semi-quinone generation and their appearance in 
urine of cancer patients has been cited as proof of 
free radical formation occurring in vim [l&18]. 
We have recently positively identified in serum and 
described the pharmacokinetics of ADR 7-deoxy- 
aglycone metabolites in a group of 25 cancer patients 
1191. The mechanism of action of ADR toxicity to 
heart appears to be distinct from its mode of action 
of cytotoxicity to tumour cells [15], the latter being 
generally considered not to involve drug bio- 
reduction. 

Numerous anthracycline analogues have been syn- 
thesised in an attempt to improve on the therapeutic 
index of ADR. 4’-Deoxydoxorubicin (4’-DOX) is 
structurally identical to ADR differing only by the 
absence of an oxygen atom at position 4 on the 
daunosamine sugar group (Fig. 1). Removal of the 
oxygen increases basic&y and lipophilicity [20]. In 
preclinical pharmacology studies performed in 
Italy on several animal species 4’-DOX appeared to 
be non-cardiotoxic [20,21] and preliminary clinical 
trials suggest that this is also the case in man [22,23]. 
4’-DOX has been shown not to be converted to a 
semi-quinone free radical under conditions which 
produced the ADR semi-quinone [24], providing 
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Fig. 1. Molecular structures of adriamycin, 4’.deoxydoxorubicin and all their major metabolites. 

a biochemical rationale for reduced cardiotoxicity, 
despite the close structural similarity. 

We considered 4’-DOX an ideal candidate to con- 
tinue our studies relating in vivo drug biotransform- 
ation of anthracyclines to activity and toxicity 
because of its proposed lack of cardiotoxicity and 
bioreduction to free radicals. 

MATERULS AND METHODS 
Drug and metabolite standards and other chemi- 

cals. ADR-HCI, 4’-DOX-HCl, adriamycinol-HCl 
(AOL), ADR 7-deoxyaglycone (ADR-DONE) and 
AOL 7-deoxyaglycone (AOL-DONE) (see Fig. 1 for 
all structures) were generous gifts from Dr S. Pence, 
Farmitalia, Milan, Italy. 4’-Deoxydoxorubicinol(4’- 
DOL), ADR aglycone and AOL aglycone were syn- 
thesised as previously described [25]. ADR and 4’- 
DOX share an identical aglycone structure, conse- 
quently their aglycone metabolites are identical (Fig. 
1). All solvents and chemicals were of the highest 
grade available commercially and water was de-ion- 
ised and double distilled in a quartz glass still. 

Drug analysis techniques. Chromatographic sep- 
arations of ADR, 4’-DOX and their respective 
metabolites by HPLC are described in detail else- 
where [25,26]. ADR, 4’-DOX and metabolites were 
extracted from rat serum using the rapid method as 
reported previously [25] and from rat heart and the 
MC 40A tumour using the same technique after 
pretreatment of homogenates with silver nitrate 
(33% w/v AgNOs, 200 fl per 1 ml homogenate [27]). 
Daunorubicin was the internal standard. All samples 
which were stored at -20” were thawed at room 
temperature and analysed immediately. 

Acute cardiotoxicity. Rats were administered a 
high dose of drug (16 mg/kg i.v. ADR and 4’-DOX 
under halothane anaesthesia), control animals 
received buffered saline administered in the same 
way. Twenty-four to 48 hr later they were sacrificed 
and the apex of the heart was collected. One mm 
cubes of tissue were fixed in freshly made up 2.5% 
phosphate buffered glutaraldehyde (pH 7.3), post 
fixed in isotonic osmium tetroxide and embedded in 
araldite glue. Sections were prepared on a Reichert 
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Ultracut, double stained with uranyl acetate and lead 
citrate and examined in a Phillips EM 301 G electron 
microscope. Electron micrographs were scored for 
frequency and severity of ultrastructural damage 
compared to controls. 

Antitumour actioity. Rats (male Nottingham Wis- 
tars) were from an inbred colony based in the Depart- 
ment of Medical Oncology and the MC 40A tumour 
(a 3-methylcholanthrene induced sarcoma) was 
maintained by serial sub-cutaneous passage of 
100 mg fragments or a suspension of d&aggregated 
cells. Tumour bearing animals were random&d into 
three treatment groups of ten rats each. One group 
received no drug treatment and acted as controls, 
another received 5 mg/kg i.v. ADR and the last 
5 mg/kg i.v. 4’-DOX. Tumour size was measured 
with calipers taking two diameters at right angles. 
Weight in grams was calculated from the formula: 
f x shorter diameter x longer diameter. Inhibition 
of tumour growth was evaluated by comparing 
against the control group using Students t-test. 

Pharmacokinetic studies. Rats bearing 2-5 g 
tumours were used in the phannacokinetic studies. 
Drugs (5 mg/kg ADR and 4’-DOX) were delivered 
i.v. under halothane anaesthesia via a tail vein. Two 
animals per time point were killed by ether overdose 
before drug administration and at 30 min, 1 hr, 2 hr, 
4 hr, 8 hr, 16 hr, 24 hr and 48 hr after drug adminis- 
tration. At each time an aliquot of blood (1 ml 
approximately) was removed from the vena cava 
with a syringe and hypodermic needle; the whole 
heart and tumour were removed, washed with buf- 
fered saline (pH 7.4) and frozen to -60” with solid 
COr. Blood was allowed to clot, serum was separated 
by centrifugation and stored at -20”. Tissues were 
also stored at -20”. Prior to extraction heart was 
chopped into small fragments and further washed to 
remove blood. 

Rat pharmacokinetic data were not computer fit- 
ted or modelled. Area under each concentration/ 
time profile (representing total drug exposure) for 
both drugs and their metabolites in serum, heart and 
tumour (AUC) was calculated by the trapezoidal 
rule and half-lives were determined by a graphical 
method. The amount of a metabolite present in 
serum, heart and tumour relative to the parent drug 
was calculated as a percentage taking individual 
AUCs over the total AUC of the parent plus all the 
metabolites present. 

RESULTS AND DISCUSSION 

Comparative serum pharmacokinetics, heart and 
tumour disposition and metabolism of ADR versus 
4’-DOX are summa&d in Tables l-3. Two main 
differences emerged between the two drugs. ADR 
was extensively biotransformed to up to three major 
metabolites identified as adriamycinol, ADR 7-de- 
oxyaglycone and AOL 7-deoxyaglycone (techniques 
described [27]) whilst only trace amounts of 4’-DOX 
metabolites were detected, and 4’-DOX was cleared 
faster than ADR from serum, heart and tumour. 

Relationship of acute drug induced cardiotoxicity to 
in vivo cardiac drug disposition and metabohm 

Heart morphology was examined between 24 and 

48 hr after drug treatment to coincide with the time 
scale of the pharmacokinetic studies. Both ADR and 
4’-DOX induced a number of toxicological changes 
characterised by mitochondrial swelling, disruption 
of cristae, vacuolation and appearance of dense 
inclusion bodies (not shown). There was no signifi- 
cant difference in the severity and frequency of ultra- 
structural lesions produced by the two drugs. On 
the other hand cardiac disposition and metabolism 
varied (Table 2). Large quantities of ADR 7-de- 
oxyaglycones were measured in hearts (AU&ah,, 
ccglg x hr: ADR, 47; ADR-DONE, 24; and 
AOL-DONE, 35), with AUCs several times greater 
than serum profiles and showing a distinct pattern 
(Tables 1 and 2): ADR-DONE was not detected in 
serum. 4’-DOX achieved greater parent drug levels 
in hearts but was cleared faster (half lives: ADR, 
34 hr; and 4’-DOX, 27 hr) and only trace amounts 
of its 7deoxyaglycones were detected (Table 2). 

It is interesting that ADR induced acute car- 
diotoxicity was accompanied by 7-deoxyaglycone 
metabolite formation. Although themselves non-car- 
diotoxic or cytotoxic, they have been identified as 
stable bi-products of in vitro bioreductive activation 
of ADR to a semi-quinone free radical and an ADR 
hydroquinone intermediate [18]. In the presence of 
molecular oxygen the semi-quinone free radical can 
continuously redox cycle electrons to generate the 
series of toxic oxy radicals strongly implicated in 
ADR cardiotoxicity [13,28], degrading to only a 
small fraction of 7-deoxyaglycone molecules [18]. 
Under anaerobic conditions 7-deoxyaglycone metab- 
olites are formed rapidly in almost 1: 1 stoichiometry 
with the disappearance of native ADR [29,30]. Here 
7-deoxyaglycones are formed via a linear sequential 
pathway where the eventual end product is AOL- 
DONE [29]. The quantitative relationship between 
7-deoxyaglycone concentration and free radical for- 
mation is, therefore, uncertain being dependent on 
conditions that prevail at the active site of formation, 
and the significance of their appearance in viuo is 
not fully understood. In this report we have demon- 
strated that ADR induced toxicity to heart is directly 
associated with the appearance of high levels of 7- 
deoxyaglycones specifically in heart. AOL-DONE, 
which also appeared in serum, may be a potentially 
important clinical marker of ADR cardiotoxicity. 
Lack of 7-deoxyaglycones of 4’-DOX in heart (and 
low amounts in serum) correlates with the obser- 
vation that it is not as readily bioreduced to a semi- 
quinone free radical [24] and indicates a mechanism 
of toxicity not involving free radicals. 

Peak blood concentrations are believed to be 
important in determining toxicity of anthracyclines 
to patients [31] and whilst the peak concentration of 
4’DOX in heart exceeded that of ADR by almost 5- 
fold (10.3 M/g versus 2.3 pg/g) both drugs produced 
the same degree of toxicity. 

Relationship of an&mow activity to in vivo tumour 
disposition and metaboltim 

Antitumour activity was compared seven days 
after drug administration (Table 4). At that time 
(and up to 21 days) ADR did not cause a significant 
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Table 1. Serum pharmacokinetics of adriamycin, 4’deoxydoxorubicin and all their major fluorescent metabolites after 
administration of 5 mgjkg i.v. of each drug 

Adriamycin 4’-Deoxydoxorubicin 

($& (/.Q,I~: hr) (E) (2) &b) (&yz hr) (2) (Z) 

Parent drug 
i:: 

0.67 
g 

38 1.1 0.76 
Aicoholt 

% 21 
0.23 

Parent drug I-deoxyaglycone NIX K 
Alcohol 7deoxyaglycone 0.6 0.13 13 0.1 0.03 4 

l PC, peak serum concentration; AUC, area under serum concentration/time profiles between 0 and 48 hr; %, 
percentage of total AUC; and tt, half life. 

t Adriamycinol or 4’-deoxydoxorubicinol. 
$ ND, not detected in serum. 

Table 2. In vivo disposition and metabolism of adriamycin and 4’-deoxydoxorubicin in hean after 5 mg/kg i.v. of each 

drug 

Adriamycin 4’-Deoxydoxorubicin 

LX/;, 
AUC % AUC 

Compound (&g x hr) (%) (2) G) (tig x hr) (Z) (2) 

Parent drug 2.3 
I& 

44 34 10.3 
Alcoholt IZ 

94 27 

Parent drug 7deoxyaglycone 0.8 
: 

23 0.3 3.8 5 
Alcohol ‘I-deoxyaglycone 0.7 33 0.1 0.8 1 

l PC, peak heart concentration; AUC, area under heart concentration/time profiles between 0 and 48 hr; %, percentage 
of total AUC; and tt, half life. 

t Adriamycinol or 4’-deoxydoxorubicinol. 
$ ND, not detected in heart. 

Table 3. In vivo disposition and metabolism of adriamycin and 4’-deoxydoxorubicin in the MC 40A tumour after 5 mg/ 
kg i.v. of each drug 

Adriamycin 4’-Deoxydoxorubicin 

(LX) 
AUC 

(& (2) ($g) 
AUC 

Compound (M/g x hr) (rcg/g x hr) (Z) (2) 

Parent drug 2.4 60 99.8 50 4.5 150 99.85 33 
Alcoholt NDS ND 
Parent drug ‘I-deoxyaglycone 0.01 0.07 0.15 0.003 0.13 0.1 
Alcohol 7-deoxyaglycone 0.001 0.02 0.05 0.002 0.05 0.05 

l PC, peak tumour concentration; AUC, area under tumour concentration/time profiles between 0 and 48 hr; %, 
percentage of total AUC; and t& half life. 

t Adriamycinol or 4’-deoxydoxorubicinol. 
$ ND, not detected in tumour. 

Table 4. Antitumour activity of adriamycin versus 4’- 
deoxydoxorubicin 

Tumour weight (g) rt SD 
Day 1 Day 7 

No drug* treatment 2.7 2 1.4 8.2 2 4.1 
5 mg/kg adriamycin 2.8 2 0.8 7.5 2 2.0 
5 mg/kg 4’-deoxydoxorubicin 2.6 r 0.6 1.6 2 0.6t 

l Each group, N = 10. 
t P < 0.01 compared to Day 7 control and Adriamycin 

treated (Students r-test). 

delay in tumour growth. In contrast, 4’-DOX not 
only delayed tumour growth significantly (P < 0.01) 
but actually caused a small reduction in tumour size 
(Table 4). 

Peak tumour levels of 4’-DOX were almost double 
that of ADR (Table 3) and its AUC was almost 
treble that of ADR (Table 3). Neither drug appeared 
to be converted to 7-deoxyaglycone metabolites in 
tumour, as only trace amounts were detected (Table 
3). 

Little is known about the pattern of 4’-DOX 
biotransformation in animals or man [32]. Formelli 
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and co-workers who investigated tissue distribution 
and toxicity of 4’-DOX and ADR in mice used only 
a crude technique to assay tissue levels which was 
unable to distinguish between parent drug and flu- 
orescent metabolites [33,34]. The fluorescence of 
tissue extracts was read directly without prior 
chromatography and results were expressed in total 
drug equivalents. The pattern of tissue distribution 
they observed was broadly consistent with our 
findings: higher heart and tumour concentrations of 
4’-DOX and more rapid clearance of 4’-DOX. We 
have employed two new HPLC methods to enable 
us to separate, identify and quantitate ADR, 4’- 
DOX and all their principal metabolites. Such meth- 
odology proved to be necessary: in the case of the 
heart where the total drug content of ADR and its 
metabolites combined (106 pg/g x hr) was greater 
than that of 4’-DOX (72 dg x hr), the peak con- 
centration of unchanged 4’-DOX was almost .ive 
times greater than that of ADR. 

Our results have demonstrated a lack of metab- 
olism of both drugs in tumour. From a phar- 
macokinetic viewpoint it would be safe to conclude 
that in the case of antitumour activity the parent 
drug is the active (or inactive) agent rather than 
a biotransformed product such as a free radical. 
Therefore, any process (such as metabolism) which 
results in less parent drug being available to interact 
with the tumour should be considered a pathway of 
inactivation. Supporting this contention it has been 
shown that inducing ADR metabolism in mice with 
phenobarbitone results in a reduction in antitumour 
activity (351 and inhibiting ADR 7-deoxyaglycone 
formation with the xanthine oxidase inhibitor allo- 
purinol in DBA/2 mice results in an enhancement 
in antitumour activity [36]. 

In apparent contradiction to the above results we 
have recently reported that increased antitumour 
activity of ADR-loaded albumin microspheres over 
ADR is associated with increased production of 7- 
deoxyaglycones in tumour tissue of rat [37]. In expla- 
nation of these findings, in viva 7-deoxyaglycone 
formation may be considered from two different view 
points: (1) inactivating metabolism in non target 
tissues like the liver (stimulated by phenobarbitone, 
inhibited by allopurinol) resulting in less active 
parent drug being able to interact with the tumour, 
and (2) bioreductive activation in tumour tissue itself 
(utilising the drug targeting properties of the micro- 
spheres) resulting in the local evolution of toxic semi- 
quinone free radicals, ADR hydroquinone and other 
related reactive species. A similar process is envis- 
aged being responsible for ADR cardiotoxicity. 

Finally, the data we have obtained from the rat 
suggest that the reduced biotransformation of 4’- 
DOX to 7-deoxyaglycones has been partly respon- 
sible for both its lower cardiotoxicity (per unit wn- 
centration of parent drug in cardiac tissue) and 
increased antitumour activity over ADR. Our results 
would lead one to conclude that if 4’-DOX was not 
converted to 7-deoxyaglycones in patients it should 
have a better therapeutic index than ADR. Our 
ongoing clinical pharmacokinetic studies with 4’- 
DOX have shown that it is not as readily converted 
to 7-deoxyaglycones as ADR. However, results from 

recent clinical trials have shown 4’-DOX to be less 
active than ADR in breast cancer and inactive in 
wlorectal cancer and hormone resistant prostate 
cancer [32,38]. Also, using sensitive tests of heart 
function, 4’-DOX appears to produce significant 
reductions in ejection fraction after as low a cumu- 
lative dose as 140 mg/m2 [38]. These data highlight 
the need for caution when extrapolating from animal 
experiments to man. 

REFERENCES 

1. R. H. Blum and S. K. Carter, Ann. Inf. Med. 80, 249 
(1974). 

2. R. A. Minow, R. S. Benjamin and E. T. Lee, Cancer 
39, 1397 (1977). 

3. S. H. Rosenoff, H. M. Olson, D. M. Young, F. Bostick 
and R. C. Young, J. narn. Cancer Inrr. 55; 191 (1975). 

4. V. J. Ferrens. Cuncer Treut. Reo. 62. 955 (1978). 
5. A. L. Taylor and B. A. Bulkley, Lob. Inuest. 47, 459 

(1982). 
6. M. E. Ferrero, E. Ferrero, G. Gaja and A. Bernelli- 

Zazera, Biochem. Pharmuc. 25, 125 (1976). 
7. P. Carom F. Viiani and E. Carafoli, FEBS Len. 139, 

184 (1981). 
8. M. GosaIvez, G. D. V. Van Rossum and M. F. Blanco, 

Cancer Res. 39,257 (1979). 
9. E. Goormaahtieh. P. Chatelain. J. Casoers and J. M. 

Ruysschaeg, Byochem. biophys: Acfa g97, 1 (1980). 
10. W. S. Thayer, Chem-Biol. hteruct. 19, 265 (1977). 
11. N. R. Bachur, S. L. Gordon and M. V. Gee, Cancer 

Res. 38, 1745 (1978). 
12. V. Favaudon, Biochimie 64, 457 (1982). 
13. J. Goodman and P. Hochstein, Biochem. biophys. Res. 

Commun. 77, 797 (1977). 
14. K. Handa and S. Sato, Gunn 66, 43 (1975). 
15. C. E. Myers, W. P. McGuire, R. H. Liss, I. Ifrim, K. 

Grotzinger and R. C. Young, Science 197,265 (1977). 
16. R. P. Mason, in Review of Biochemical Toxicology 

(Eds. Bend and Philpot), pp. 151-200. Elsevier, New 
York (1979). 

17. N. R. Bachur, S. L. Gordon, M. V. Gee and H. Kon, 
Proc. nutn. Acud. Sci. U.S.A. 76, 954 (1979). 

18. P. L. Guitierrez, M. V. Gee and N. R. Bachur, Arch. 
Biochem. Biophys. 233, 68 (1983). 

19. J. Cummings,-RI Milstead, D. Cunningham and S. B. 
Kave. Eur. 1. Cancer clin. Oncol. 22. 991 (1986). 

20. A. ‘M: Casazza, Cancer Treat. Rep. 63, 835 (1979). 
21. M. Gagnasso (Ed.), Summary oi Pre-clinical Studies 

of IMI-58 14’-Deoxvdoxorubicin) UD to Aoril 1981. 
Farmitalia Carlo E&a. 

, . 

22. A. S. GarewaI, A. Robertone and S. E. Salmon, Proc. 
Am. Sot. clin. Oncol. 3, 41 (1984). 

23. G. F. Stanton, V. Raymond, R. E. Wittes, P. Schul- 
man, D. Budman, R. Bar&z, L. Williams, G. R. 
Petroai. N. L. Geller. C. Hancock. W. Kreis and C. 
W. Young, Cancer Res. 45, 1862 (i985). 

24. A. C. Di&inson, J. 0. DeJordy,‘M. G. Boutin and 
D. Teres. Biochem. biobhvs. Res. Commun. 125. 584 
(1984). 

1 I 

25. J. Cummings, J. Cbromurogr. 341, 401 (1985). 
26. J. Cummines. J. F. B. Stuart and K. C. Calman. J. 

Chromatog~ 311, 125 (1984). 
27. J. Cummings, S. Merry and N. Willmott, Eur. 1. Cancer 

clin. Oncol. 22, 451 (1986). 
28. N. R. Bachur, S. L. Gordon and M. V. Gee, Molec. 

Phurmac. 13, 901 (1977). 
29. H. S. Schartz and N. B. Parker, Cancer Res. 41. 2343 

(1981). 
30. P. Dodion, C. E. Riggs, S. R. Akman. J. M. Tamburini. 



1526 J. CUMMINGS ef d. 

0. M. Colvin and N. R. Bachur, J. i%armac. exp. 34. F. Fomelii and A. M. Casazza, in Proc. X2th Int. 
Ther. 229, 51 (1984). Congress of Gwcer Chemotherapy, pp. 485-487. 

31. S. S. @ha, R. S. Benjamin, B. MacKay, M. Ewer, S. Florence, Italy (1981). 
Wallace, M. Valdiviesco, S. L. Rasmussen, G. R. 
Blumenschein and E. J. Freireich, Ann. Inm. Med. 96, 

35. S. D. Reich and N. R. Bachur, Cuncer Res. 36, 3803 

133 (1982). 
(1976). 

32. C. W. Young and V. Raymond, Cancer Treat. Rep. 76, 37 N Willmott and J c 
36. H. S. Schwartz, Cuncer Len. 26, 69 (1983). 

51 (1986). 
. . ummings, Biochem. Pharmac. 36, 

33. F. Fotmelli, C. Polhni, A. M. Casazza, A. DiMarco 521 (1987). ’ 

and A. Mariani, Cancer Chenwther, Pharmac. 5, 139 38. G. Fafkson and D. A. Vorobiof, Invest. New Drugs 4, 

(1981). 
165 (1986). 


