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Al~traet--Suramin forms water-insoluble complexes with 4', 4"-bis (1,4,5,6-tetrahydro- 
2-pyrimidinyl)terephthalanilide (NSC 57153). The mole ratio of Suramin--drug for 
maximum complex formation is 0.3:1. Excess Suramin dissolves this precipitate 
whereas excess drug does not. The uptake of NSC 57153 by P815 mast cell leukemic 
cells in vitro is affected by the presence of Suramin. Excess moles of Suramin relative to 
drug inhibit uptake, whereas excess moles of drug enhance the uptake. 

Although Suramin administration has no effect on drug uptake by tumor cells 
in vivo and does not affect the antileukemic activity of NSC 57153, it does delay the 
onset of NSC 57153 toxicity in mice. Three drug components (lipid-bound, hydro- 
philic-bound, and "free" drug) are extracted from tumor cells and the ratio of the 
three drug components is not affected by the extraeellular Suramin-drug ratios after the 
cells have been exposed to drug either in vitro or in vivo. Suramin lowers the concen- 
tration of NSC 57153 in both kidney and liver but not in muscle. The drug is extracted 
primarily as a lipid complex from all tissues, whether the animals have been treated 
with NSC 57153 or with Sumarin-NSC 57153 complexes. 

MANY SUBSTITUTED phthalanilides have potent activity against a broad spectrum 
of transplanted murine leukemias and lymphomas. 1-7 However, several of  these com- 
pounds cause renal toxicity and oculomotor paralysis which have minimized the 
clinical usefulness of the phthalanilides, s-l l  The acute and chronic toxicity of several 
phthalanilides can be prevented by complexing the phthalanilides with sulfonic and 
phosphoric compounds, but all of  these agents, except Suramin, also blocked the 
antileukemic activity of the phthalanilides3 z-14 Suramin, a polysulfonate compound, 
reduced toxicity without preventing the chemotherapeutic efficacy of 2 terephthalani- 
lides, NSC 50469 and NSC 66761t. 12-14 

The present study characterizes the Suramin complex with 4',4"-bis(l ,4,5,6-tetra- 
hydro-2-pyrimidinyl)terephthalanilide (NSC 57153), which causes delayed renal 
toxicity, 11 quantitates the effects of  Suramin on the uptake of NSC 57153 by P815 
mast cell leukemia in vitro and in vivo, and evaluates the effects of Suramin on chemo- 
therapeutic efficacy and delayed toxicity of  NSC 57153 in vivo. 

* Supported by the Cancer Chemotherapy National Service Center, Contract No. PH 43-65-61, 
National Cancer Institute, NIH, USPHS. 

t NSC 50469 is 2~,a~'no-4',4"-di(2-imidazolin-2-yl)terephthalanilide dihydrochloride, and NSC 
66761 is 2-amino-4',4 '-bis(4-methyl-2-imidazolin-2-yl)terephthalanilide dihydrochloride. 
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MATERIALS AND METHODS 
The phthalanilide, NSC 57153, was obtained from the Clinical Branch, Collabora- 

tive Research, National Cancer Institute, United States Public Health Service.* 
Suramin (trade name, Antrypol) was purchased from Imperial Chemical Industries 
Ltd., Pharmaceutical Division, Wilmslow, Cheshire, England. 

In the chemotherapeutic studies, drug or its Suramin complexes were administered 
i.p. consecutively on days 1-10 to tumor-bearing BDF1 hybrid mice which had been 
inoculated i.p. with 106 P815 mast cell leukemia cells on day zero. The sex of the mice 
is given with the experimental results. Drug uptake by P815 cells in vivo was evaluated 
after drug or drug complex was administered as a single dose to tumor-bearing mice 
on day 6 or 7, and the cells were harvested from 10 mice on day 7 after drug exposure 
of 0.5 or 24 hr. The doses are given with the experimental results. 

In drug uptake studies, cells were harvested from at least 10 mice on day 7, centri- 
fuged at 700 g for 15 min, washed twice with saline, and resuspended in Fischer's 
medium 15 containing 10 ~o horse serum. The drug or its Suramin complex was added 
to 15-ml aliquots of a cell suspension (3-5 × 107 cells/ml) and incubated with stirring 
at 37 ° for 4 hr. 

All treated cells were centrifuged at 700 g for 5 min and were washed twice with 
cold 0"9~o NaC1. The drug content of washed cells was extracted into chloroform: 
methanol (2 : 1, v : v) and partitioned between a water : chloroform : methanol 
biphase. 1° Total drug in the aqueous phase was chromatographically differentiated 
into hydrophilic-bound and "free" drug and quantitated by u.v. spectrophoto- 
metry. 17-19 The drug associated with lipid in the non-aqueous phase was determined 
by the acid-displacement method. 16, 20 

In the toxicity studies, drug or its Suramin complex was administered i.p. on days 
1-10 to BDF1 mice. Weights of the mice were recorded every fifth day. Two animals 
were sacrificed every fifth day and selected tissues were excised, frozen in liquid nitro- 
gen, and stored at - - 2 0  ° until analyzed for total drug content by the solvent 
method.16, 2o 

Aqueous solutions of NSC 57153 and Suramin were mixed to form the Suramin- 
drug complexes. Suramin-drug mole ratios 1 : 1 to 1 : 8 gave water-insoluble com- 
plexes, and the quantity of precipitate was determined by light-scattering at 660 m/z 
with the Zeiss PMQ II spectrophotometer. The solubilization of complexes by Suramin 
was determined as follows: a Suramin-drug complex was formed at a mole ratio of 
0.3 : 1 ; the resultant precipitate was washed twice with water by centrifugation and 
resuspended in 10 ml of Suramin solutions to yield final Suramin-drug ratios of 1.3 : 1 
to 9.6 : 1. After standing for 10-30 min at room temperature, the remaining quantity 
of precipitate was determined by the light-scattering technique. 

RESULTS 
Effect of  Sumarin on the uptake of  NSC 57153 by P815 cells, in vitro and in vivo 

The antileukemic activity of phthalanilides can be antagonized by several sulfonic 
and phosphoric analogs, but Suramin, a polysulfonate compound, did not prevent 
the chemotherapeutic effectiveness of several phthalanilides. 12-14 Burchenal et al. TM 

* The phthalanilide was synthesized by the Research Institute of Dr. A. Wander, S. A., Berne, 
Switzerland. 
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reported that NSC 50469 and NSC 66761 were found in P815Y ceils after exposure 
to Suramin--drug complexes in vitro, but was not found in cells which were exposed 
to the sulfonic and phosphoric analogs. In our studies the quantitative aspects of  
Suramin-NSC 57153 complex formation and uptake by P815 cells in vitro and in 
vivo were determined. 

The extent of complex formation between Suramin and NSC 57153 is shown in 
Fig. 1. Maximum complex (precipitate) formation occurred at a mole ratio of Sura- 
min-NSC 57153 of approximately 1 : 3.3 (0.3 : 1). This complex could not be solu- 
bilized by excess drug (Fig. 1) or by 0.1 N HCI, but could be solubilized by excess 
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FIG. 1. Complex formation of NSC 57153 with Suramin. One/~mole Suramin (1 ml) was mixed with 
NSC 57153 (0--8 ml) and diluted to 10 ml with water. The quantity of precipitate was determined by 

light-scattering. Other experimental details are in Methods. 

Suramin (Fig. 2). At high mole ratios of Suramin-drug (4 : 1 and 8 : 1) most of the 
complex was soluble (Fig. 2) which was similar to the solubilization of  d-tubocurarine 
chloride-congo red precipitates with excess congo red. m 

The uptake of  NSC 57153 by P815 cells in vitro was a function of the extracellular 
drug concentration. With extracellular drug concentrations of  20, 40, 60, and 80/zg 
of NSC 57153/ml medium, the intracellular drug levels were 14.9-t-2.4 (S.D.), 
24.0-4-3.3, 37.7-4-16.7, and 58.4 4-23.1 /~g/10 a cells respectively. Intracellular 
NSC 57153 was differentiated into lipid-bound, hydrophilic-bound, and "free" drug. 
"Free" drug represented approximately 50 per cent of  total drug; lipid-bound and hy- 
drophilic-bound approximately 25 per cent each. This is similar to the uptake of another 
terephthalanilide, NSC 60339", by P388 lymphocytic leukemia ceils in vitro. 19, ~2 

At drug concentrations of  20, 40, 60, and 80/zg/ml medium, Suramin did not affect 
the per cent distribution of the three drug fractions (Table 1) but did influence the 
overall uptake of  the drug in vitro (Fig. 3), At Suramin--drug ratios of 4 • 1 and 8 : 1, 
the uptake of  NSC 57153 by P815 was inhibited. At maximum complex formation 

• NSC 60339 is 2-chloro-4',4"-di(2-imidazolin-2-yl)terephthalanilide. 
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(0.3 : 1), the uptake of NSC 57153 was stimulated approximately 2-fold. These experi- 
mental results were not affected by nonspecific adsorption of precipitated Suramin- 
drug complexes to cells because such complexes were not soluble in the chloroform : 
methanol or chloroform : methanol : water (acid) solvents which were used in the 
determination of  intracellular drug concentrations. If such complexes were present 
intracellularly, our methodology would not have detected them either. 
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Fio. 2. Solubilization of NSC 57153-Suramin complexes with Suramin. Suramin was added to a 
known amount of Suramin--drug complex (0.3 : 1) which was water insoluble. The insoluble complex 
which was not dissolved by Suramin was quantitated by light-scattering. Other experimental details 

are described in Methods. 

TABLE 1. EFFECT OF SURAMIN ON THE INTRACELLULAR DISTRIBUTION OF NSC 57153 
IN P815 MAST CELL LEUKEMIA* 

Per cent NSC 57153 in P815 cells 
No. of expts, at 

Suramin- each of 4 drug No. of de- Lipid- Hydrophil i~ 
drug ratiost  concentrationst terminations bound bound "Free"  

Control 
0'1 
0.2 
0"3 
1 : 1  
2 : 1  
4 : 1  
8 : 1  

7 28 23.3 4- 7-7+ + 25-2 4- 10"4 51"5 4- 12.0 
1 3 12 15"9 ± 4"2 29.3 4- 11"7 56"0 4- 11.8 
1 3 12 14"7 4- 4"2 27.1 4- 12.2 58'5 4- 13,9 
1 6 24 16"3 4- 5'9 19"6 4- 8"2 64.8 4- 10"5 

3 11 16.9 4- 7.9 31.3 ± 17"0 51"7 4- 14"5 
4 16 18"8 4- 4"6 28"9 4- 11"5 52"9 4- 10"9 
4 16 17.9 4- 6"6 23"9 4- 8.3 58"1 4- 8"7 
4 14 21.1 4- 7"9 19"5 4- 6.7 59.4 -/- 10.4 

* The P815 cells were harvested from male and female mice on day 7, washed with saline, and 
suspended in Fischer's medium, which contained horse serum and various concentrations of drug, 
for 4 hr at 37 °. 

t In all but  two experiments, the extraceullular drug concentrations were 20, 40, 60 and 80 pg 
NSC 57153/ml for each Suramin--drug ratio. For  the Suramin-drug ratio of I : 1 and 8 : I, only 2 
drug concentrations, 20 and 80 pg/ml, were used in 1 experiment. 

:~ Mean 4- S.D. 
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The effect of Suramin on the uptake of NSC 57153 by P815 cells in vivo was also 
determined (Table 2). All three drug fractions were extracted from these P815 ceils 
and, as in the experiments in vitro, Suramin had little or no effect on the relative distri- 
bution of the three drug components. On the other hand, Suramin did not affect the 
uptake of drug by P815 cells in vivo. This latter finding was further supported by the 
observations that the chemotherapeutic effectiveness of NSC 57153 was unaffected 
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FIG. 3. Effect of Suramin on the uptake of NSC 60339 by P815 cells in vitro. Drug concentrations were 
20, 40, 60, and 80 pg/ml medium. The data represent averages -4- S.D. for these drug concentrations 

at each Suramin--drug ratio. Experimental details are in Methods. 

TABLE 2. N S C  57153 CONCENTRATIONS IN P815  CELLS, GROWING I.P. IN MICE, AFTER A 

SINGLE I.P. DOSE OF N S C  57153 OR SURAMIN-DRUG COMPLEXES 

NSC 57153 (~g/10 s cells)* 

Total Lipid bound Hydrophilic-bound "Free"  
Time after 
treatment (hr) 0.5 24 0.5 24 0.5 24 0.5 24 

Suramin-drug 
ratios 
Control t  3-1 4.4 1.5 2.0 0.3 0.2 1.3 2.2 

0.33 : 1 4.3 3.6 2.1 1.5 0.3 0.3 1.9 1.8 
2 : 1 6-0 3.1 3.0 1.8 0.5 0.2 2.5 1.1 
8 : 1 3.7 3.0 2.0 1.4 0.3 0.4 1.4 1.2 

* Average of 2 experiments. 
t The P815 leukemia cells were grown i.p. in BDFx mice (male or female). The cells were harvested 

on day 7, and the drug (4 mg/kg) or the same concentration of drug as Suramin-drug complexes was 
administered as a single dose, 0.5 and 24 hr  before the cells were harvested. 
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by the presence o f  Suramin  compared  to d rug  controls  in the absence o f  Suramin  
(Table  3). The  chemotherapeut ic  effectiveness o f  o ther  Suramin drug  c o m b i n a t i o n s - -  
Suramin  ranged f rom 10 to 150 mg/kg  and  N S C  57153 ranged f rom 0"5 to  32 m g / k g - -  
did no t  vary  significantly f rom controls.  

TABLE 3. EFFECT OF SURAMIN ON THE CHEMOTHERAPEUTIC EFFICACY OF N S C  57153 
AGAINST P815 CELLS GROWING I.P. IN MICE* 

Median survival time (days) 
Dose 

Animal group (mg/kg/day × 10) Female mice Male mice 

Control 9.0 9.0 9.0 9.0 
Suramin 40 8.0 8.5 9.0 8.5 
NSC 57153 4 35.5 21.5 13.0 27.5 

Suramin-NSC 57153 40 : 4t 28"0, 20"0§ 15-0§ 29.0+* 

* Each BDF1 mouse was inoculated i.p. with 106 P815 mast cell leukemic cells on day 0, and drug 
or Suramin-drug was administered i.p. daily on days 1-10. Each experimental group contains I0-100 
mice. 

t The mole ratio of Suramin--drug was 4 : 1. 
++ Suramin and drug were administered i.p. separately (ca. 5-rain delay). 
§ Suramin and drug were complexed prior to i.p. administration. 

Effect  o f  Suramin on toxicity 
Delayed  toxici ty  has been found  for  several phtha lani l ides  including N S C  57153. s - n  

F r o m  physiologica l  d ispos i t ion  studies it  was general ly  found  tha t  those tissues, e.g. 
k idney and liver, which were adversely affected by the phthalani l ides ,  accumula ted  
mos t  drug. z, s, 11, 20, 28-25 The  effect o f  Suramin  on delayed toxici ty  and tissue ac-  

cumula t ion  o f  drug  was evaluated  in the fol lowing study. 
As  seen in Table  4, Suramin  t rea tment  increased the med ian  survival  t ime (MST)  

o f  female mice t rea ted  with N S C  57153. Delayed  dea th  o f  N S C  57153-treated mice 

TABLE 4. EFFECT OF SURAMIN ON THE DELAYED TOXICITY OF N S C  57153 IN BDF1 
FEMALE MICE 

Treatment Initial wt. Avg. wt. at 
Animal group (mg/kg/day × 10) (g) MST or 80 days MST* 

Control 18 23 > 100 
Suramin 40 18 25 > 100 
NSC 57153 4 20 12 48-8 
Suramin-NSC 57153 40-4t 20 15 70.5 
Suramin + NSC 57153 40 + 4~ 19 16 >100 
NSC 57153 + Suramin 4 + 40~, 19 14 83.5 

* Median survival time in days. 
t Administered as a complex. 

Each component was administered separately in the order shown with ca. 5-min wait between 
injections. 

was associa ted with loss o f  body  weight.  These weight  losses, which occurred by  the 
M S T  or  80 days,  were no t  significantly affected by  the type  o f  Suramin  t rea tment .  
The  toxici ty o f  N S C  57153 was more  appa ren t  in male  than  in female mice. The  M S T  
for male  mice which were t rea ted  with N S C  57153 (4 mg /kg /day  × 10 days)  was 34.3 
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days and the average weight at 34 days was approximately 13 g. Although similar 
weight losses occurred with Suramin-drug combinations (40 : 4 mg/kg/day × 10 days), 
the MST was increased significantly by Suramin and ranged from 54--66 days. 

Several tissues from these animals were analyzed for drug concentration (Table 5). 
The kidneys of mice which received NSC 57153 (4 mg/kg/day x 10 days) had the 

TABLE 5. EFFECT OF SURAMIN ON THE PHYSIOLOGICAL DISPOSITION OF NSC 57153 IN 
TISSUES FROM FEMALE MICE AFTER I.P. ADMINISTRATION OF NSC 57153 OR SURAMIN 

AND DRUG FOR 10 DAYS 

Days from start of treatment: 
Suramin + drug 
administered 

Tissues (mg/kg/day x 10) 

5 10 15 20 25 30 

Avg. t~gNSC 57153/goftissue* 

Kidney 0 + 4  86 191 131 120 120 107 
4 0 + 4 t  64 91 75 76 80 70 

Liver 0 + 4  48 70 83 80 
40 + 4t 26 38 40 43 

Musde 0 + 4  6 8 
4 0 + 4 t  6 8 

* Average of duplicate samples of tissues from 2 mice. 
t The mole ratio of Suramin-drug was 4 : 1 and each was administered separately in the order 

shown. 

highest drug concentration, as found in other studies of  rats, dogs, and monkeys, s0, 2a 
Concurrent Suramin administration resulted in lower NSC 57153 concentrations in 
both liver and kidney of BDF1 mice. The drug concentration in muscle was low and 
was apparently unaffected by Suramin treatment. Similar but lower drug concentra- 
tions were found in kidney and liver after treatment with NSC 57153 (2 mg/kg per 
day x 10 days) and Suramin-drug treatment (40 : 2 mg/kg/day x 10 days). In all 
tissues the drug was complexed primarily ( >  80 per cent) with lipids. 

DISCUSSION 

The phthalanilides, which are cationic at neutral pH,  form ionic complexes with 
many biological components in vitro; e.g. anionic lipids, 26 nucleic acids, 27-a0 and pro- 
tein, 17 but evidence for these complexes in situ has not been demonstrated. The phthal- 
anilides are extracted from tissues and tumor cells primarily as ionic drug-lipid com- 
plexes32, za, al The lipids that are extracted with NSC 57153 from dog brain and with 
NSC 60339 from P388 and NSC 60339-resistant P388 ceils are a new class of  phos- 
pholipids. The phospholipids are characterized by their unusual glycerol • fatty acid : 
p h o s p h o r u s : s u l f u r : n i t r o g e n  ratios and by their unidentified ninhydrin-positive 
components..26, sl The concentration of the extracted drug complexes is related to 
chemotherapy 19 and is generally highest in tissues and tumors that are adversely 
affected by phthalanilide treatment, s, 11, 16, 20, 22 

In these studies drug could be extracted as lipid-bound, hydrophilic-bound, and 
"free" drug from all Suramin-treated tissues and cells even though the polysulfonate 
Suramin complexed with NSC 57153 in vitro. Although Suramin affects the uptake 

* D. W. Yesair et al., unpublished data. 
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of  drug by P815 cells in vitro, P815 cells in vivo take up equivalent amounts of drug in 
the presence or absence of Surami,.  Thus, the chemotherapeutic effectiveness of NSC 
57153 is not affected by the presence or absence of Suramin. On the other hand, NSC 
57153 concentrations in liver and kidney of  Suramin-NSC 57153-treated mice are 
significantly less than the control NSC 57153-treated mice, and Suramin delays the 
onset of toxicity by NSC 57153. These findings are consistent with our views that there 
is a specific association of drug with tissue lipids 26 and that the intracellular concen- 
tration of extractable drug complexes is related to both chemotherapy 19, 28 and toxi- 
city.S, s0 

The uptake of drug by P815 cells in vitro is influenced by the relative amount of 
Suramin present. At maximum complex formation between Suramin and drug (mole 
ratio, 0.3 : 1), the uptake of drug by cells is maximal. Complexes of  Suramin with 
excess drug (1 : >4)  are taken up better than drug alone, whereas complexes with ex- 
cess Suramin (4 : 1, 8 : 1) inhibit drug uptake. Since these complexes have either a 
zero, positive, or negative charge and since the cells have a net negative charge, 82, 38 
the difference in uptake of the various drug complexes probably reflects this difference 
between the net charge on the complex and that on the cells. 

Suramin and other anionic compounds which complex with the phthalanilides 
antagonize the acute and chronic toxicity of several phthalanilides. 19-1a In the present 
studies, Suramin also delayed the onset of toxicity by the terephthalanilide NSC 
57153 in both male and female mice The weight losses after NSC 57153 administra- 
tion are not affected by Suramin. The administration of Suramin does, however, result 
in lower drug concentrations in kidney and liver but does not change the relatively 
low drug concentration in muscle. The drug in these tissues is complexed primarily 
with lipids as in P185 cells. Since Suramin itself is not deposited in any particular 
tissue, 84 Suramin probably enhances the excretion of drug, as a Suramin complex 
before deposition of NSC 57153 as a lipid complex in tissues. Therefore, better schedul- 
ing of  drug and Suramin administration may enhance their complex formation in vivo 
and thus may enhance excretion of the drug prior to its deposition in tissues. Such 
enhancement of drug excretion may be of value in improving the therapeutic value of  
the phthalanilides, s 
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