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Summary. In an effort to increase the efficacy of several 
antineoptastic alkylating agents (CDDP, L-PAM, CTX, or 
BCNU), we examined the effect of the modulator Fluosol- 
DA/carbogen in combination with a second modulator, 
either lonidamine or pentoxifylline, on the survival of 
FSaIIC tumor cells and of bone marrow CFU-GM from 
tumor-bearing C3H mice. Fluosol-DA/carbogen increased 
the tumor-cell killing activity of each alkylating agent by 
about 10 times. In contrast, lonidamine alone did not sig- 
nificantly increase the cytocidal activity of any of the alky- 
lating agents tested. However, in combination with Fluo- 
sol-DA/carbogen, the use of lonidamine produced about a 
100-fold increase in the tumor cell kill achieved with 
CDDP as compared with CDDP alone. No increase in 
tumor cell kill over that produced with the single modula- 
tor Fluosol-DA/carbogen was seen following the addition 
of lonidamine to the combination treatment with L-PAM, 
CTX, or BCNU. Unfortunately, although neither 
lonidamine nor Fluosol-DA/carbogen alone significantly 
increased alkylator toxicity to bone marrow CFU-GM, the 
combination of modulators increased the toxicity of each 
alkylating agent to bone marrow by about 10 times. 
Pentoxifylline caused an increase in alkylator activity 
against the FSaIIC fibrosarcoma only when used with 
BCNU; this effect was further augmented by the addition 
of Fluosol-DA/carbogen. The combination of modulators 
pentoxifylline plus Fluosol-DA/carbogen was more effec- 
tive than Fluosol-DA/carbogen alone only when the former 
was used with BCNU, whereas only minimal increases in 
tumor-cell killing activity were obtained with this modula- 
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tor combination and CDDP, L-PAM, or CTX. Pentoxifyl- 
line increased the bone marrow CFU-GM toxicity of 
L-PAM by about 10 times. The bone marrow CFU-GM 
toxicity was further increased by Fluosol-DA/carbogen, as 
was the toxicity of each of the other alkylating agents. 
Lonidamine plus Fluosol-DA/carbogen may be useful in 
increasing the therapeutic efficacy of CDDP, and the com- 
bination of pentoxifylline plus Fluosol-DA/carbogen 
might improve the antitumor activity of BCNU. 

Introduction 

In developing strategies for the improved treatment of 
solid tumors, one possible avenue is to take advantage of 
physiological differences between solid tumors and normal 
tissues. Hypoxic cells in solid tumors are presumed to be 
an obstacle to successful cancer treatment because these 
cells are relatively protected from the cytotoxic effects of 
radiotherapy and certain anticancer drugs [28, 29, 46, 50]. 
The importance of hypoxic cells in limiting the curability 
of human tumors remains a controversial issue, although 
some clinical [5, 10] and laboratory data [10, 20, 40, 47] 
strongly suggest that hypoxic cells are a cause of in vivo 
treatment failure. 

The perfluorochemical emulsion Fluosol-DA in combi- 
nation with inspiration of atmospheres comprising 100% 
or 95% oxygen has been shown to enhance the response of 
several solid rodent tumors to single-dose and fractionated 
radiation treatment [26, 38, 44, 45, 57]. The level of cellu- 
lar oxygenation is also an important factor in the action of 
many antineoplastic agents, many of which have been 
classified in vitro [47] and in vivo [58] by their relative 
cytotoxicity to oxygenated vs hypoxic tumor cells. Fluo- 
sol-DA and carbogen breathing have also been shown to 
enhance the antitumor and cytocidal activity of many of 
these chemotherapeutic agents in vivo [43, 47-49,  51, 
54-56, 58]. 
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In the present study, we combined two other modula-  
tors, lonidamine  and pentoxifyll ine,  which work through 
mechanisms other than those of perfluorochemicals,  with 
Fluosol-DA/carbogen in an attempt to improve the anti- 
neoplastic efficacy of several different alkylating agents. 
Londiamine,  1-[(2,4-dichlorophenyl)methyl]-  1H-indazol- 
3-carboxylic acid, affects the energy metabol ism of cells 
[7, 8, 16 -19]  by inhibi t ing oxygen consumption and that 
of tumor cells by blocking anaerobic glycolysis. Based on 
these data, mitochondria have been considered the primary 
intracellular targets of tiffs drug. Lonidamine  has been 
shown to enhance the cytotoxicity of radiation [24], hyper- 
thermia [8, 11], and several alkylating agents [39]. 

Pentoxifyl l ine is a methylkanthine  that is used to treat 
vascular occlusive diseases in human  beings [2, 3, 11, 12, 
32, 33, 35, 36, 42]. Like other methylxanthines [5, 6, 14, 
21, 22, 25, 30, 31], at relatively high concentrat ions 
pentoxifyl l ine has been shown to enhance the cyotoxicity 
of radiation, alkylating agents, and other anticancer drugs 
in cell culture [9, 14, 15]. At doses readily achievable in 
man,  pentoxifyl l ine exerts significant hemorheologic ef- 
fects on red blood cells ( R B C s )  and platelets. Pentoxifyl-  
line increases RBC deformabili ty and inhibits platelet 
aggregation such that RBCs can better traverse narrowed 
arterioles and capillaries [2, 3, 9, 11, 12, 32, 33, 35, 36, 42]. 
These properties of pentoxifyl l ine would be expected to 
lead to improved tumor blood flow and, hence, to im- 
proved tumor oxygenat ion and increased drug delivery. 

Since Fluosol -DA plus oxygen breathing is most  likely 
not 100% effective in reoxygenat ing hypoxic tumors, we 
combined this modulator  with lonidamine,  which should 
be effective in reducing cellular energy stores, or with 
pentoxifyll ine,  which may further improve tumor oxygena- 
t ion as well as drug delivery. We examined these interac- 
tions by measur ing the effect of  these modulator  combina-  
tions on the tumor-cell  kil l ing activity and bone marrow 
C F U - G M  cytotoxicity of CDDP, L-PAM, CTX, and 
B C N U  in animals bearing the FSaIIC fibrosarcoma. 

Materials and methods 

Drugs. Fluosol-DA 20%, a product of Green Cross Corp. (Osaka, Japan), 
was obtained from Alpha Therapeutics Corp. (Los Angeles, Calif.). 
The stem emulsion consists of 25% (wt/vol) perfluorochemicals: 7 parts 
perfluorodecalin; 3 parts perfluorotripropylamine Pluronic F-68 
(2.7%, wt/vol); yolk phospholipids (0.4%, wt/vol) as emulsifiers; and 
glycerol (0.8%, wt/vol) as a cryoprotecting agent. The annex solution 
(electrolyte/bicarbonnate solution) furnishes the preparation with physi- 
ologic osmolarity. The stem-emulsion particles provide a surface area of 
1.82x l0 s cm2/l that is available for oxygen diffusion (about 100 times 
the surface area of the RBC in whole blood). The half-life of Fluosol-DA 
in circulation in vivo is about 12 h [23]. Carbogen comprises 95% 
oxygen and 5% carbon dioxide. 

Lonidamine was obtained as a gift from DeSanctis Consultants 
(Montreal, Canada), prepared in phosphate-buffered 0.9% saline (PBS), 
and stored at -20 ~ C. Pentoxifylline (Trental), CTX, and melphalan were 
purchased from Sigma Chemical Company (St. Louis, Mo.). CDDP was 
a gift from Drs. D. H. Picker and M. J. Abrams, Johnson Matthey, Inc. 
(West Chester, Pa.) and was prepared in PBS and stored at -20 ~ 
Melphalan was dissolved in HCl-acidified ethanol and diluted with PBS 
just prior to use. BCNU (carmustine) was obtained from the Dana-Farber 
Cancer Institute's pharmacy. 

Tumor. The FSaII fibrosarcoma [37] adapted for growth in culture 
(FSaIIC) [57], was carried in C3H/He male mice (Jackson Laboratories, 
Bar Harbor, Me.) For the experiments, 2 • 106 tumor cells prepared from 
a brei of several stock tumors were implanted i.m. into the legs of 
C3H/He maIe mice and 8-10 weeks. 

Tumor excision assay. When the tumors had reached a volume of approx- 
imately 100 mm 3 (about 1 week after tumor cell implantation), the ani- 
mals were injected i. p. with: (1) each of the alkylating agents alone; (2) 
each of the alkylating agents preceded by lonidamine (100 mg/kg) or 
pentoxifyltine (100 mg/kg); (3) each of the alkylating agents preceded by 
Fluosol-DA (0.3 ml, 12 ml/kg) given by tailwein injection and followed 
by 6 h carbogen breathing; or (4) each of the alkylating agents preceded 
by Fluosol-DA (0.3 ml, 12 ml/kg) given i. v. just prior to the i. p. admin- 
istration of lonidamine (100 mg/kg) or pentoxifylline (100 mg/kg) and 
followed by 6 h cm-bogen bl, eathing. Mice were killed at 24 h after 
treatment to enable full expression of drug cytotoxicity and repair of 
potentially lethal damage. 

The tumors were excised under sterile conditions in a laminar flow 
hood and minced to a fine brei using two scalpels. Four tumors were 
pooled for each treatment group. Approximately 500 mg tumor brei was 
used to make each single-cell suspension. All reagents were sterdized 
with 0.22 gm Millipore filters and were added aseptically to the tumor 
cells. Each sample was washed in 20 mt c~-MEM, after which the liquid 
was gently decanted and discarded. The samples wee resuspended in 
450 units collagenase/ml (Sigma, St. Louis, Mo.) and 0.1 mg DNase/ml 
(Sigma) and were incubated for 10 min at 37 ~ C in a shaking water bath. 
The samples were resuspended as above and incubated for another 
15 min at 37 ~ C. Then, 1 ml DNase at 1 mg/ml was added and incubation 
was continued for 5 min at 37 ~ C, following which the samples were 
filtered through two layers of sterile gauze. The samples were washed 
twice, then resuspended in c~-MEM supplemented with 10% fetal bovine 
serum (FBS). 

These single-cell suspensions were counted and plated in duplicate at 
three different cell concentrations for the colony-forming assay. No 
significant difference was observed in total cell yield from the pooled 
tumors in any treatment group. After 1 week, the plates were stained with 
crystal violet and colonies of >50 cells were counted. The untreated 
tumor cell suspensions had a plating efficiency of 10%-16%. The re- 
sults are expressed as the surviving fraction (_+ SE) of cells from treated 
groups as compared with untreated controls [51, 52]. 

Bone marrow toxicity. Bone marrow was taken from the same animals 
used for the tumor excision assay. A pool of marrow from the femurs of 
two animals was obtained by gently flushing the marrow through a 
23-gauge needle and the CFU-GM assay was carried out as previously 
described [51, 52]. CFU-GMS were measured as follows. Bone marrow 
cells were suspended in supplemented McCoy's 5A medium containing 
15% FBS, 0.3% agar (Difco, Detroit, Mich.), and 10% conditioned 
medium as a source of colony-stimulating activity. The colony-stimulat- 
ing activity supplement was prepared by incubating L-929 mouse fibro- 
blasts (2,500 cells/ml; Microbiological Associates, Bethesda, Md.) with 
30% FBS in McCoy's 5A medium for 7 days at 37~ in a humidified 
atmosphere containing 5% CO2. The supematant containing colony- 
stimulating activity was obtained by centrifugation of the medium at 
10,000 g for 10 rain at 4 ~ C followed by filtration under sterile condi- 
tions. The bone-marrow ceil cultures were incubated for 7 days at 37 ~ C 
in a humidified atmosphere containing 5% CO2 37 ~ C and were fixed 
with 10% glutaraldehyde. Colonies of at least 50 cells were scored on an 
Acculite colony counter (Fisher Scientific, Springfield, N. J.). The re- 
sults of three experiments, in which determinations for each group were 
made in duplicate at three cell concentrations, were averaged. The results 
are expressed as the surviving fraction from treated groups as compared 
with untreated controls. 

Results 

When  lonidamine (100 mg/kg) was given i.p. to animals 
bearing the FSaIIC f ibrosarcoma just  prior to a range of 
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Fig. 1. Survival of FSaIIC tumor cells and bone marrow CFU-GM from 
animals treated in vivo with single doses of CDDP or L-PAM alone (Q), 
preceded by a single dose of lonidamine (100 mg/kg; �9 preceded by a 
single dose of Fluosol-DA (0.3 ml, 12 ml/kg) and followed by carbogen 
breathing (6 h; II) or with the combination of the two modulators (El). 
Points, Means of three independent experiments; bars, SE 

i. p. doses of CDDP, there was no significant increase in the 
killing of tumors as compared with CDDP alone (Fig. 1, 
top). Fluosol-DA (0.3 ml, 12 ml/kg) given i. v. just prior to 
i.p. injection of CDDP and followed by 6 h carbogen 
breathing resulted in about a 10-fold increase in tumor cell 
kill as compared with CDDP alone. The combination of 
modulators lonidamine and Fluosol-DA/carbogen (6 h), 
resulted either in an additional 10-fold increase in tumor- 
cell killing activity as compared with Fluosol-DA/carbo- 
gen/CDDP or in a 100-fold increase in tumor cell kill as 
compared with CDDP alone. The cytotoxicity of CDDP to 
bone marrow CFU-GM was unaffected by the addition of 
lonidamine (100 mg/kg) or Fluosol-DA (0.3 ml, 12 ml/kg) 
carbogen (6 h). The combination of modulators produced 
about a 10-fold increase in the cytotoxicity of CDDP to 
bone marrow CFU-GM, which nevertheless resulted in an 
overall therapeutic gain. 
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Administration of lonidamine (100 mg/kg) just prior to 
treatment with L-PAM resulted in about a 2-fold increase 
in the killing of FSalIC tumors as compared with L-PAM 
alone, but this increase was not significant (Fig. 1, bottom). 
Fluosol-DA (0.3 ml, 12 ml/kg) given i.v. immediately 
prior to L-PAM and followed by 6 h carbogen breathing 
resulted in about a 10-fold increase in the killing of FSaIIC 
tumor cells as compared with L-PAM alone. Use of the 
combination of modulators lonidamine and Fluosol- 
DA/carbogen did not further increase the tumor cell kill as 
compared with that of Fluosol-DA/carbogen and L-PAM. 
Neither lonidamine nor Fluosol-DA/carbogren increased 
the toxicity of L-PAM to bone manow as compared with 
the drug alone. However, as was the case with CDDP, the 
combination of modulators markedly increased the cyto- 
toxicity of L-PAM to bone marrow CFU-GM by 10 to 
50-fold over the L-PAM dose range as compared with 
L-PAM alone. Only with the use of Fluosol-DA/carbogen 
was the therapeutic index of L-PAM improved (Table 1). 

The addition of lonidamine (100 mg/kg) to treatment 
with CTX did not significantly alter the tumor cell kill as 
compared with CTX alone (Fig. 2, top). Fluosol-DA 
(0.3 ml, 12 ml/kg) given i.v. just prior to CTX and fol- 
lowed by 6 h carbogen breathing had a dose-modifying 
effect on tumor cell killing by CTX (greater at a high dose). 
Fluosol-DA/carbogen increased tumor cell killing by CTX 
by about 9 times at 100 mg/kg CTX and about 90 times at 
300 mg/kg CTX. The addition of lonidamine (100 mg/kg) 
to treatment with Fluosol-DA/carbogen and CTX did not 
alter the minor cell kill produced by the latter. There was 
no significant difference in the toxicity of CTX to bone 
marrow CFU-GM when the drug was given in combination 
with lonidamine or with Fluosol-DA/carbogen. The com- 
bination of modulators with CTX, however, resulted in 
about a 10-fold increase in killing of bone marrow CFU- 
GM as compared with CTX alone. As with L-PAM, the 
greatest therapeutic gain was achieved using Fluosol- 
DA/carbogen and CTX (Table 1). 

The addition of lonidamine (100 mg/kg) to treatment 
with BCNU resulted in about a 2-fold increase in tumor 
cell kill, but this increase was not significant (Fig. 2, bot- 
tom). The addition of Fluosol-DA (0.3 ml, 12 ml/kg) just 
prior to BCNU administration followed by 6 h carbogen 
breathing resulted in about a 10-fold increase in tumor cell 
killing as compared with BCNU alone. The combination of 
the two modulators lonidamine and Fluosol-DA/carbogen 
did not further increase tumor cell killing by BCNU as 

Table I. Ratios of FSaIIC tumor cell survival to bone marrow CFU-GM survival for various alkylating agents and modulator combinations a 

Alkytating Dose 
agent (mg/kg) 

Bone marrow CFU-GM survival 
Tumor cell survival 

AA alone + Fluosol-DA/ + Lonidamine + Pentoxifylline + Fluosol-DA/ + Fluosol-DA/ 
carbogen carbogen carbogen 

+ Lonidamine + pentoxifylline 

CDDP 10 4 50 8.5 2.3 93 31 
I,-PAM 10 5.3 28 1 1 2 1 
CTX 300 2.4 363 4 3,4 125 192 
BCNU 50 5.4 43 4.3 11 8 12.5 

a Ratios are derived from the experiments shown in Fig. 1 -4  
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Fig. 2. Survival of FSalIC tumor cells and bone marrow CFU-GM from 
animals treated in vivo with single doses of CTX or BCNU alone (O), 
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compared with Fluosol-DA/carbogen plus BCNU. As with 
the other three drugs, neither lonidamine nor Fluosol- 
DA/carbogen alone increased the cytotoxicity of BCNU to 
bone marrow CFU-GM; however, the combination of 
modulators increased the killing of bone marrow CFU-GM 
by BCNU by about 5 times. 

When pentoxifylline (100 mg/kg) was added to treat- 
ment with CDDP, there was about a 2 to 2.5-fold increase 
in the killing of tumor cells (Fig. 3, top). In combination 
with Fluosol-DA/carbogen and CDDP, pentoxifylline also 
increased the tumor cell kill by about 2 times. Pentoxifyl- 
line (100 mg/kg) alone and in combination with Fluosol- 
DA/carbogen had a dose-modifying effect on the cytotox- 
icity of CDDP to bone marrow CFU-GM. The cytotoxicity 
of CDDP to bone marrow CFU-GM was increased about 
2 times at 5 mg/kg CDDP (with or without Fluosol- 
DA/carbogen) and about 50 times at 30 mg/kg CDDP 
(with or without Fluosol-DA/carbogen). However, at 
10 mg/kg CDDP, there was a 31-fold increase in tumor cell 
kill over bone marrow CFU-GM kill (Table 1). 

The addition of pentoxifylline (100 mg/kg) to treatment 
with L-PAM had no effect on the tumor cell killing by 
L-PAM in either the presence or the absence of Fluosol- 
DA/carbogen (Fig. 3, bottom). Although pentoxifylline did 
not increase the toxicity of L-PAM to the tumor, it did 
increase the cytotoxicity of the latter to bone marrow CFU- 
GM by about 6 times. The combination of pentoxifylline 
and Fluosol-DA/carbogen further increased the killing of 
bone marrow CFU-GM by L-PAM such that the level of 
bone marrow CFU-GM kill achieved by the combination 
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breathing (6 h; �9 ) or with the combination of the two modulators ([i]). 
Points, Means of three independent experiments; bars, SE 
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was about 20-fold that of L-PAM alone. At 10 mg/kg 
L-PAM, there was no therapeutic index with these combi- 
nation treatments (Table 1). 

When used with CTX, pemoxifylline (100 mg/kg) with 
or without Fluosol-DA/carbogen resulted in a 1.5 to 2-fold 
increase in the killing of tumor cells as compared with 
CTX or Fluosol-DA/carbogen plus CTX (Fig. 4, top). Al- 
though neither pentoxifylline or Fluosol-DA/carbogen in- 
creased the cytotoxicity of  CTX bone marrow CFU-GM, 
the combination of modulators produced a dose-modifying 
effect on the cytotoxicity of CTX bone marrow CFU-GM. 
The enhancement in bone marrow CFU-GM cytotoxicity 
increased from about a 5-fold increase at 100 mg/kg CTX 
to about a 100-fold increase at 500 mg/kg CTX. There was 
a marked increase in therapeutic index with the combina- 
tion of modulators and CTX (Table 1). 

In combination with BCNU, pentoxifylline 
(100 mg/kg) had a dose-modifying effect. The enhance- 
ment in the killing of tumor cells by BCNU in combination 
with pentoxifylline increased from about 1.5-fold at 
25 mg/kg BCNU to about 10-fold at 100 mg/kg BCNU. 
This type of enhancement in the killing of tumor cells 
persisted when pentoxifylline was used in combination 
with Fluosol-DA/carbogen and BCNU. The combination 
of modulators with BCNU resulted in about a 20-fold 
enhancement in the tumor cell kill achieved by 25 mg/kg 
BCNU, which increased to about a 200-fold enhancement 
at 100 mg/kg BCNU. Neither pentoxifylline nor Fluosol- 
DA/carbogen increased the cytotoxicity of BCNU to bone 
marrow CFU-GM; however, the combination of the two 
modulators had a dose-modifying effect on the cytotoxicity 
of BCNU to bone marrow CFU-GM such that there was 
about a 4-fold increase in cytotoxicity at 25 mg/kg BCNU 
and about a 25-fold increase at 100 mg/kg BCNU. 

Discussion 

Fluosol-DA/carbogen breathing has previously been 
shown to increase the tumor growth delay [43, 48 -56 ,  58] 
and tumor-cell killing activity [49-53 ,  58] of a wide vari- 
ety of antitumor agents. In most cases, no increase in the 
toxicity of the drugs to critical normal tissues was observed 
[50, 52, 55, 56]. An exception to this general finding was 
the enhancement in pulmonary toxicity by the combination 
of Fluosol-DA/carbogen and Neomycin as compared with 
Neomycin alone [50]. 

We used the tumor-cell survival assay to evaluate the 
ability of the mitochondrial toxin londiamine or the rheo- 
logical agent pentoxifylline, used alone or with Fluosol- 
DA/carbogen, to modulate the antitumor activity of  alky- 
lating agents. The advantage of this assay method is that it 
enables quantitative determination of the in vivo tumor cell 
kill achieved by tile treatment combination being ex- 
amined. The main limitation of the tumor-cell survival 
assay is that primarily involves a single-dose experiment. 

Lonidamine significantly increased the tumor-cell kil- 
ling activity only of CDDP when used with Fluosol- 
DA/carbogen. However, when used with each of the four 
alkylating agents, the combination of lonidamine and Fluo- 
sol-DA/carbogen led to significantly increased toxicity to 
bone marrow CFU-GM, Pentoxifylline produced a dose- 

modifying effect on the tumor-cell killing ability of BCNU 
in both the presence and the absence of Fluosol-DA/carbo- 
gen, but it did not significantly influence the cytotoxicity of 
any of the other three alkylating agents. However, pentox- 
ifylline administration prior to treatment with CDDP or 
L-PAM significantly increased the bone marrow toxicity of 
these drugs. In addition, the combination of modulator 
spentoxifylline and Fluosol-DA/carbogen led to significant 
increase in the toxicity of each of the four alkylating agents 
to bone marrow CFU-GM. 

In contrast, Fluosol-DA/carbogen produced significant 
increases in the cytotoxicity of  each of the alkylating 
agents tested without significantly increasing the bone 
marrow toxicity of any drug. The greatest differences be- 
tween tumor cell killing and the killing of bone marrow 
CFU-GM were obtained using Fluosol-DA/carbogen. The 
addition of either lonidamine or pentoxifylline decreased 
the therapeutic index (Table 1). Thus, Fluosol-DA/carbo- 
gen appears to be a far better modulator of  these alkylating 
agents than is either lonidamine or pentoxifylline. 

These studies point out the importance of proper pre- 
clinical modeling prior to clinical testing of single or com- 
bination modulators. Although combinations of lonid- 
amine or pentoxifylline with Fluosol-DA/carbogen were 
based on rational considerations, testing in this model sys- 
tem indicated that these combinations could result in wide- 
ly varying therapeutic indices, depending on the alkytating 
agent involved. 

References 

1. Adams GE, Ahmed I, Sheldon PW, Stratford IJ (1984) Radiation 
sensitization and chemopotentiation: RSU-1069, compound more 
effective than misonidazole in vitro and in vivo. Br J Cancer 49:5571 

2. Ambrus JL, Ambrus CM, Gastpar H (1979) Studies on platelet 
aggregation with pentoxifylline; effect on neoplastic disorders and 
other new indications. J Med 10:339 

3. Aviado DM, Porter JM (1984) Pentoxifylline: a new drug for treat- 
ment of intermittent claudication. Pharmacotherapy 6:297 

4. Bush RS, Hill RP (1975) Biologic discussions augmenting radiation 
effects and model systems. Laryngoscope 85:1119 

5. Busse PM, Bose SK, Jones RW, Tolmach LJ (1977). The action of 
caffeine on X-irradiated HeLa ceils: II. Synergistic lethality. Radiat 
Res 71:666 

6. Busse PM, Bose SK, Jones RW, Tolmach LJ (1978) The action of 
caffeine on X-irradiated HeLa cells: IIL Enhancement of X-ray-in- 
duced killing during G2 arrest. Radiat Res 76:292 

7. DeMartino C, Battelli T, Paggi MG, Nista A, Marcante ML, 
D'Atri S, Malomi W, Gallo M, Floridi A (1984) Effects of 
lonidamine on murine and human tumor cells in vitro. Oncology 41 
[Suppl 1]: 15 

8. DeMartino C, Malorni W, Accinni L, Rosati F, Nista A, Formi- 
sano G, Silvestrini B, Arancia G (1987) Cell membrane changes 
induced by lonidamine in human erythrocytes and T lymphocytes, 
and Ehrlich ascites tumor cells. Exp Mol Patho146:15 

9. Dion MD, Hussey DH, Osborne JW (1989) The effect of pentoxifyl- 
line on early and late radiation injury following fractionated irradia- 
tion in C3H mice. Int J Radiat Oncol Biol Phys 17:101 

10. Duncan W (1973) Exploitation of the oxygen enhancement ratio in 
clinicaI practice. Br Med Bull 29:33 

11. Ehrly AM (1978) The effect of pentoxifylline on the flow properties 
of human blood. Curr Med Res Opin 5:608 

12. Ehrly AM (1979) The effect of pentoxifylline on the deformability of 
erythrocytes and on the muscular oxygen presure in patients with 
chronic arterial disease. J Med 10:331 



50 

13. Evenson DP, Baer RK, Jost LK, Gesch RW (1986) Toxicity of 
thiotepa on mouse spermatogenesis as determined by dual-parameter 
flow cytometry. Toxicol Appl Pharmacol 82:151 

14. Fingert HJ, Chang JD, Pardee AB (1986) Cytotoxic, cell cycle, and 
chromosomal effects of methylxanthines in human tumor cells 
treated with atkylating agents. Cancer Res 46:2463 

15. Fingert HJ, Pu AT, Chen Z, Googe PB, Alley MC, Pardee AB (1988) 
In vivo and in vitro enhanced antitumor effects by pentoxifylline in 
human cancer cells treated with thiotepa. Cancer REs 48:4375 

16. Floridi A, Lehninger AL (1983) Action of the antitumor and an- 
tispermatogenic agent lonidamine on electron transport in Ehrlich 
ascites tumor mitochondria. Arch Biochem Biophys 226:73 

17. Floridi A, Paggi MG, D'Atri S, DeMartino C, Marcante ML, Silves- 
trini B, Caputo A ( 1981) Effect of lonidamine on the energy metabo- 
lism of Ehrlich ascites tumor ceils. Cancer Res 41:4661 

18. Floridi A, Paggi MG, Marcante ML, Silvestrini B, Caputo A, 
DeMartino C (1981) Lonidamine, a selective inhibitor of aerobic 
glycolysis of murine rumor cells. J Natl Cancer Inst 66:497 

19. Floridi A, Bagnato A, Bianchi C, Paggi MG, Nista A, Silvestrini B, 
Caputo A (1986) Kinetics of inhibition of mitochondrial respiration 
by antineoplastic agent lonidamine. J Exp Clin Cancer Res 5:273 

20. Fowler JR, Thomlinson RH, Howes AE (1970) Time-dose relation- 
ships in radiotherapy. Eur J Cancer 6:207 

21. Fraval HNA, Roberts lJ (1978) Effects ofcis-platinum(II) diammine 
dichloride on survival and the rate of DNA synthesis in syn- 
chronously growing Chinese hamster V79-379A cells in the absence 
and presence of caffeine inhibited post replication repair; evidence 
for an inducible repair mechanism. Chem Biol Interact 23:99 

22. FravaI HNA, Roberts JJ (1978) Effects of cis-platinum(II)diammine 
dichloride on survival and the rate of DNA synthesis in syn- 
chronously growing HeLa cells in the absence and presence of caf- 
feine. Chem BiN Interact 23:111 

23. Geyer RP (1978) Substitutes for blood a~d its components. In: 
Jamieson GA, Greenwalt TJ (eds) Blood substitutes and plasma 
expanders. Alan R. Liss, New York, p 1 

24. Hahn GM, vanKersen I, Silvestrini B (1984) Inhibition of the recov- 
ery from protentially lethal damage by lonidamine. Br J CaJ~cer 50: 
657 

25. Hansson K, Kihlman BA, Tanzarella C, Palitti F (1984) Influence of 
caffeine and 3-aminobenzamide in G2 on the frequency of chromo- 
somal aberrations induced by thiotepa, mitomycin C, and N-methyl- 
N-nitro-N'-nitrosoguanidine in human lymphocytes. Murat Res 126: 
251 

26. Herman TS, Teicher BA, Holden SA, Pfeffer MR, Jones SM (1990) 
Addition of 2-nitroimidazole radiosensitizers to trimodality therapy 
(cis-diamminedichloroplatinum II/hyperthermia/radiation) in the 
murine FSaIIC fibrosarcoma. Cancer Res 50:2734 

27. Hasegawa T, Rhee JG, Levitt SH, Song CW (1987) Increase in tumor 
pO2 by perfluorochemicals and carbogen. Int J Radial Oncol Biol 
Phys 13:569 

28. Kennedy KA, Teicher BA, Rockwell SA, Sartorelli AC (1980) The 
hypoxic tumor cell: a target for selective cancer chemotherapy. Bio- 
chem Pharmacol 29:1 

29. Kennedy KA, Teicher BA, Rockwell SA, Sartorelli AC (1981) 
Chemotherapeutic approaches to cell populations in tumors. In: Sar- 
torelli AC, Lazo JS, Bertino JR (eds) Molecular actions and targets 
for cancer chemotherapeutic agents. Bristol-Myers cancer symposia. 
Academic Press, New York, p 85 

30. Kihlman BA, Anderson HC (1985) Synergistic enhancement of the 
frequency of chromatid aberrations in cultured human lymphocytes 
by combinations of inhibitors of DNA repair. Mutat Res 150:313 

31. Lau CC, Pardee AB (1982) Mechanism by which caffeine potenti- 
ates lethality of nitrogen mustard. Proc Natl Acad Sci USA 79:2942 

32. Muller R, Lehrach F (1981) Haemorheology and cerebrovascular 
disease; multifunctional approach with pentoxifylline. Curr Med Res 
Opin 7:253 

33. Muller R, Schroer R (1979) Cerebrovascular circulatory disorders; 
new aspects of pathophysiology and therapy. J Med 10:347 

34. Painter RB, Young BR (1980) Radiosensitivity in ataxia-telangiec- 
tasia: a new explanation. Proc Natl Acad Sci USA 77:315 

35. Perego MA, Sergio G, Artale F, Giunti P, Danese C (1986) 
Haemorheological improvement by pentoxifylline in patients with 
peripheral arterial occlusive disease. Curr Med Res Opin 10:135 

36. Poggesi L, Scarti L, Boddi M, Masotti G, Semeri GG (1985) Pentox- 
ifylIine treatment in patients with occlusive peripheral vascular dis- 
ease. Angiology 36:628 

37. Rice L, Urano M, Suit HD (1980) The radiosensitivity of a murine 
fibrosarcoma as measured by three cell survival assays. Br J Cancer 
41:240 

38. Rockwell S (1985) Use of perfluorochemical emulsion to improve 
oxygenation in a solid tumor. Int J Radial Oncol Biol Plays 11: 97 

39. Rosbe KW, Bran TW, Holden SA, Teicher BA, Frei E III (1989) 
Effect of lonidamine on the cytotoxicity of four alkylating agents in 
vitro. Cancer Chemother Pharmaco125:32 

40. Sartorelli AC (1988) Therapeutic attack of hypoxic cells of solid 
tumors: presidential address. Cancer Res 48:775 

41. Song CW (1987) Increase in pO2 and radiosensitivity of tumors by 
Fluosol-DA (20%) and carbogen. Cancer Res 47:442 

42. Strano A, Davi G, Avellone G, Novo S, Pinto A (1984) Double-blind 
crossover study of the clinical efficacy and the hemorheologic effects 
of pentoxifylline in patients with occlusive arterial disease of the 
lower limbs. Angiology 35:459 

43. Teicher BA, Holden SA (1987) A survey of the effect of adding 
Fluosol-DA 20%/02 to treatment with various chemotherapeutic 
agents. Cancer Treat Rep 71:173 

44. Teicher BA, Rose CM (1984) Perfluorochemical emulsion can in- 
crease tumor radiosensitivity. Science 223:934 

45. Teicher BA, Rose CM (1984) Sensitization of solid mouse tumor to 
X-ray treatment by oxygen carrying perfluorochemical emulsion. 
Cancer Res 44:4285 

46. Teicher BA, Rose CM (1986) Effect of dose and scheduling on 
growth delay of the Lewis lung carcinoma produced by the per- 
fluorochemicaI emulsion, Fluosol-DA. Int J Radiat Oncol Biol Phys 
12: 131t 

47. Teicher BA, Lazo JS, Sartorelli AC (1981) Classification of antineo- 
plastic agents by their selective toxicities toward oxygenated and 
hypoxic tumor cells. Cancer Res 41:73 

48. Teicher BA, Holden SA, Rose CM (1985) Differential enhancement 
of melphalan cytotoxicity in tumor and normal tissue by Fluosol-DA 
and oxygen breathing. Int J Cancer 36:585 

49. Teicher BA, Holden SA, Rose CM (1986) Effect of Fluosol-DA/O2 
on tumor cell and bone marrow cytotoxicity of nitrosoureas in mice 
bearing FSaII fibrosarcoma. Int J Cancer 38:285 

50. Teicher BA, Lazo JS, Merrill WW, Filderman AE, Rose CM (1986) 
Effect of Fluosol-DA/O2 on the antitumor activity and pulmonary 
toxicity of bleomycin. Cancer Chemother Pharmacol 18:213 

51. Teicher BA, Holden SA, Jacobs JL (1987) Approaches to defining 
the mechanism of Fluosol-DA 20%/carbogen enhancement of mel- 
phalan antitumor activity. Cancer Res 47:513 

52. Teicher BA, Crawford JM, Holden SA, Cathcart KNS (1987) Effects 
of various oxygenation conditions on the enhancement by Fluosol- 
DA of melphalan antitumor activity. Cancer Res 47:5036 

53. Teicher BA, Bernal SD, Holden SA, Cathcart KNS (1988) Effect of 
Fluosol-DA/carbogen on etoposide/alkylating agent antitumor activ- 
ity. Cancer Chemother Pharmaco121:281 

54. Teicher BA, Herman TS, Rose CM (1988) Effect of Fluosol-DA on 
the response of intracranial 9L tumors to X-rays and BCNU. Int J 
Radiat Oncol Biol Phys 15:1187 

55. Teicher BA, Holen SA, Cathcart KNS, Herman TS (1988) Effect of 
various oxygenation conditions and Fluosol-DA on the cytotoxicity 
and antitumor activity of Neomycin. J Nat1 Cancer Inst 80:599 

56. Teicher BA, Holen SA, Crawford JM (1988) Effects of Fluosol-DA 
and oxygen breathing on Adriamycin antitumor activity and cardiac 
toxicity in mice. Cancer 61:2196 

57. Teicher BA, McIntosh-Lowe NL, Rose CM (1988) Effect of various 
oxygenation conditions and Fluosol-DA on cancer chemotherapeutic 
agents. Biomater Artif Cells Artif Organs 16:533 

58. Teicher BA, Holden SA, A1-Achi A, Herman TS (1990) Classifica- 
tion of antineoplatic treatments by their differential toxicity toward 
putative oxygenated and hypoxic tumor subpopulations in vivo in the 
FSaIIC murine fibrosareoma. Cancer Res 50:3339 


