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Summary. The toxicities of three phenothiazines, proma- 
zinc, chlorpromazine, and trifluoperazine, towards cells of 
a mouse fibrosarcoma were quantified by means of an in 
vitro assay of clonogenic cell survival. 

For all three drugs cell kill was proportional to the 
amount of drug injected. Following injection of equimolar 
(0.2 mM/kg) amounts, cell survival was progressively re- 
duced for a period of at least 48 h. On the basis of cell sur- 
vival at 48 h after administration the ranking of the drugs 
for cytotoxicity, in ascending order, was trifluoperazine, 
chlorpromazine, promazine. 

A period of acute hypoxia prior to processing of the tu- 
mor did not enhance the toxicity of any of the drugs, and 
no change in the size of the hypoxic fraction of the tumor 
was seen 24 h after the injection of chlorpromazine. On 
this basis it was concluded that there was no evidence of 
enhanced toxicity of drugs for either chronically or acutely 
hypoxic tumor cells. 

A reduction in the number of clonogenic tumor cells 
per gram of tumor was largely the result of a fall in the 
number of viable cells recovered from the tumor. The plat- 
ing efficiency of surviving cells remained constant or was 
only slightly depressed. 

Introduction 

The phenothiazine neuroleptics, of which chlorpromazine 
is the protoype, are widely used for their antipsychotic, 
tranquillizing and antiemetic effects. A number of reports 
have also described cytotoxic and radiosensitizing activi- 
ties of chlorpromazine which, in some cases, were specific 
to hypoxic cells. Thus for bacterial systems, chlorproma- 
zinc (0.1 mM) has been found to be toxic to hypoxic. E. co- 
li B/r  but not to cells exposed to the drug under aerated 
conditions [19]. In mammalian ceils, Lehnert [16] used an 
in vitro screening system to determine the relationship be- 
tween the chemical structures of a number of phenothia- 
zincs and their activity as cytotoxic and radiosensitizing 
agents. It was found that factors influencing the degree of 
interaction of each drug with the cell membrane also infiu- 
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enced its cytotoxic and radiosensitizing activity. The toxi- 
city of some of the drugs was enhanced under hypoxic 
conditions. 

In terms of antitumor activity, chlorpromazine has 
been reported to be toxic to sarcoma 180A of mice grow- 
ing as a solid tumor but not as the ascites form of the same 
tumor [20]. Belkin and Hardy [3] found that a high dose of 
chlorpromazine inhibited the growth of a transplantable 
sarcoma in mice, and Kruger [16] found that chlorproma- 
zinc increased the survival time of leukemic mice. George 
et al. [11] reported that injection of chlorpromazine direct- 
ly into a mouse fibrosarcoma delayed growth of the tumor 
and that the period of growth delay was increased if the 
tumor was rendered hypoxic by clamping. 

The reported specificity of the cytotoxic and radiosen- 
sitizing effect of chlorpromazine for hypoxic cells is of 
particular interest, since hypoxia is known to protect cells 
against the cytotoxic effects of radiation [12] and of cell- 
cycle-dependent chemotherapeutic agents [2]. Many solid 
tumors are characterized by the presence of a significant 
fraction of hypoxic cells [21], and the desirability of deve- 
loping drugs which specifically target or sensitize hypoxic 
cells has long been recognized [1]. 

The aims of this investigation were, first, to quantitate, 
on the basis of single cell survival, the cytotoxicity of 
phenothiazines to a solid tumor system treated in vivo; 
second, to use the assay system to compare the effects of 
three readily available phenothiazines; and third, to deter- 
mine whether the drugs are selective for hypoxic tumor 
cells. 

Materials and methods 

Animals  and tumors. The KHT fibrosarcoma used in these 
experiments was grown in male C3H mice weighing ap- 
proximately 25 g. Tumors were implanted IM by injection 
of 2.5 x 105 cells in a volume of 0.05 ml into the distal por- 
tion of the gastrocnemius muscle of one hind leg. Tumors 
were treated at 8 -9  days after implantation, when the tu- 
mor was 0.45-0.55 g. Tumor weights were determined as 
previously described [17]. 

Cell survival assay. At various times after drug treatment, 
tumor-bearing mice were sacrificed by cervical fracture or 
nitrogen asphyxiation, tumors excised, and a single-cell 
suspension prepared by the enzymic method of Thomson 
and Rauth [22]. The number of viable cells per gram of tu- 
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Table 1. Phenothiazines 

r R2 
Name ' R~ Mean lethal dose 

Promazine I -H 225 mg/kg, IP [9] 
CH2 
CH2 
CH_, 
N 

CH3 / ~ C H  3 

Chlor- I -Cl 120 mg/kg, IP 
promazine crt2 260 mg/kg PO CH2 

ca2 [4] 
N 

CH 3 / "~" CH~ 

Trifluo- I -CF3 424 mg/kg 
perazine CH2 PO [8] CH2 

CH~ 

N 
CH2 

Table 2. Surviving fraction of clonogenic cells at 48 h after drug 
administration 

Drug Concentration (raM) 

0.10 0.20 0.40 

Promazine 0.16 0.017 0.0025 
Chlorpromazine 0.36 0.090 0.040 
Trifluoperazine 0.37 0.190 - 

Surviving fraction was calculated from the mean of two or more 
determinations at each dose level. Control value for clonogenic 
cells per gram was 1.5 ___0.37 x 106 (mean +SEM), calculated 
from values obtained for ten tumors the same size as those in the 
drug-treated groups 

mor was determined by hemocytometer counts of Trypan- 
Blue-excluding cells. Appropriate numbers of cells were 
plated in semisolid medium for assay of colony-forming 
ability by the in vitro agar plating procedure originally de- 
scribed by Thomson and Rauth [22] and modified by Hill 
et al. [13]. Clonogenic cells per gram of tumor were calcu- 
lated as the product of the number of viable cells per gram 
of tumor and the plating efficiency of those cells. The sur- 
viving fraction of clonogenic ceils was the ratio of clonog- 
enic cells per gram for treated tumors to clonogenic cells 
per gram for control tumors of the same size processed in 
parallel with the drug-treated group. 

Estimation of the hypoxiefraction. The size of the hypoxic 
fraction was determined by comparison of the survival 
curves of tumors irradiated in situ in air-breathing and ni- 
trogen-asphyxiated mice, a method originally described by 
Van Putten and Kallman [23], Straight lines were fitted to 
data points by linear regression analysis for radiation 
doses between 15 and 30 Gy plotted on log linear coordi- 
nates. The hypoxic fractions were calculated from the dis- 
placement of the terminal portions of the survival curves 
for air-breathing and nitrogen-asphyxiated animals. 

Drugs. Details of the drugs used in this study are shown in 
Table 1. They were selected on the basis of availibility, 

wide clinical use, and range of pharmacological activity. 
Drugs were dissolved in saline for IP injection at a con- 
centration ensuring that the volume injected was always 
0.1 ml. Control mice received injections of saline, and 
their tumors were processed in parallel with those in drug- 
treated groups. 

Chlorpromazine and trifluoperazine were obtained 
from Sigma Chemical Co. and Promazine, from Wyeth 
Ltd. 

Results 

Table 2 shows the effect of injections of various concentra- 
tions of the three drugs on the surviving fraction of clon- 
ogenic cells per gram of tumor. Tumors were assayed 48 h 
after drug injection. For all three drugs the reduction in 
clonogenic cells was proportional to the concentration of 
drug injected over the range of dose levels studied. A con- 
centration of 0.2 mM/kg was chosen for a study of the ef- 
fects of equimolar quantities of the three drugs on tumor 
cell survival at various times after injection. This dose fell 
well below the (MLD) for all three drugs, but was within 
the range of drug dosage where tumor cell response was 
proportional to amount injected. 

Figure 1 shows changes in numbers of viable cells rec- 
overed per gram of tumor, plating efficiency, and clono- 
genic cells per gram for KHT tumors at various times after 
injection of equimolar amounts of promazine, chlorprom- 
azine or trifluoperazine. Tumors were excised and pro- 
cessed immediately after sacrifice by cervical fracture 
(aerated) or were processed approximately 15 rain after 
nitrogen asphyxiation, i.e., after a period of hypoxia. It 
had been found in previous experiments with a cytotoxic 
reserpine derivative that a brief period of hypoxia prior to 
removal of the tumor significantly reduced the surviving 
fraction of clonogenic cells [17]. No reduction in the sur- 
viving fraction of phenothiazine-treated cells was induced 
by a period of acute hypoxia, and the data points repres- 
enting survival of aerated and hypoxic cells fell on the 
same curve for all three drugs studied. 

The yield of clonogenic cells per gram of tumor is the 
product of the number of viable cells per gram of tumor 
and the plating efficiency of those cells. It is apparent that 
the reduction in the number of clonogenic cells per gram 
resulted largely from a reduction in the number of cells 
recovered from the tumor, while the plating efficiency of 
these cells remains virtually constant (promazine, trifluop- 
erazine) or declines only slightly (chlorpromazine). The 
number of clonogenic cells per gram of tumor continued 
to fall for at least 48 h after drug administration. In terms 
of the fraction of clonogenic cells surviving 48 h after in- 
jection the three drugs can be ranked in increasing order 
of toxicity as trifluoperazine, chlorpromazine, and proma- 
zine (surviving fractions of 0.19, 0,06, and 0.016 respec- 
tively. 

As noted above, no difference was seen between the re- 
sponse of aerated cells and that of cells exposed to a brief 
period of acute hypoxia prior to processing of the tumor. 
However, in the experiment concerned it is possible that 
the period of hypoxia was not sufficiently long to cause 
significant sensitization of the cells. To determine the ef- 
fect of a prolonged period of hypoxia on drug toxicity an 
experiment was performed in which the size of the fraction 
of chronically hypoxic cells in the tumor was measured in 
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Fig. 1. Cells r e c o v e r e d  p e r  gram of tumor (O O), plating efficiency ([] [] ), and clonogemc cells per gram of tumor ( 
for KHT tumors at various times after injection of promazine, chlorpromazine of trifluoperazine. Open symbols (O, [], A) represent 
data from mice sacrificed by cerical fracture whose tumors were processed immediate after Closed symbols ( • ,  l ,  a),  data from mice 
sacrificed by nitrogen asphyxiation 15 min before removal and processing of the tumor. Each data point represents the mean of values 
from 3-4  mice. Bars, SEM 
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Fig. 2. Radiation survival curves for KHT tumor cells irradiated 
in situ and assayed in vitro. O O, mice irradiated while air 
breathing: • • ,  mice 15 min after sacrifice by nitrogen as- 
phyxiation. Each data point represents mean of 3-4  assays; bars, 
SEM, Panel A, saline-injected mice; Panel B, 24 h after injection 
of chlorpromazine 

control  and  drug-treated tumors 24 h after adminis t ra t ion  
of  chlorpromazine.  Results of  this exper iment  are shown 
in Fig. 2. Calculat ion of  the size of  the hypoxic  fraction 
from the ratio of  radia t ion  survivals of  aerated and hypox-  
ic cells gave values of  11% for control  tumor  and 10% for 
experimental  tumors  at 24 h after ch lorpromazine  injec- 
tion. I f  aerated and hypoxic  cells had different  sensitivities 
to chlorpromazine,  p ro longed  exposure of  a mixed tumor  
cell popula t ion  to the drug would have resulted in a 
change in size of  the hypoxic  fraction of  the tumor.  Thus, 
on the basis of  the results of  this experiment  it can be con- 
cluded that the toxicity of  chlorpromazine  towards  cells of  
the K H T  tumor  is not enhanced under  condi t ions of  
chronic hypoxia.  

D i s c u s s i o n  

The ant i tumor effect of  chlorpromazine  has been repor ted 
e l s e w h e r e  [3, 11, 15, 20]. The present  paper  describes re- 
sults of  the first investigation in which toxici ty was quanti-  
tated on the basis of  single cell survival and the effects of  
several phenothiazines  were compared.  

All three drugs tested substantial ly reduced the surviv- 
ing fraction of  c lonogenic  cells, the degree o f  the reduct ion 
excluding the possibi l i ty that toxici ty could have been con- 
f ined to hypoxic  cells. In fact, it was not  possible to de- 
monst ra te  that any of  the drugs showed enhancement  of  
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toxici ty under  hypoxic  condit ions.  This observat ion is in 
contrast  to f indings made  using an in vitro screening sys- 
tem of  cytotoxici ty [16]. In  this system, while no difference 
was seen between the toxici ty of  promazine  towards  aerat-  
ed and hypoxic  cells, hypoxia  p roduced  some enhance-  
ment  of  the toxic effect o f  ch lorpromazine  and t r i f luopera-  
zine. Results of  in vivo studies also differed from in vitro 
f indings in terms of  the relative toxici ty of  the drugs stud- 
ied. In the in vitro system promazine  was the least toxic 
drug and t r i f luoperazine,  the most effective. 

The f indings were also at var iance with a previous re- 
por t  of  the effect of  ch lorpromazine  on a solid tumor  treat-  
ed in vivo, where cells were found to be sensit ized to the 
drug by hypoxia  [11]. In that case, however,  the drug was 
injected direct ly into a c lamped tumor,  a s i tuat ion not  
comparab le  with the more convent ional  method  of  drug 
adminis t ra t ion  used in this study. 

For  all three drugs s tudied it is apparen t  that  a fall in 
the number  of  viable  cells recovered from the tumor  is the 
major  factor  responsible  for the reduct ion in the n u m b e r  
of  c lonogenic  cells, and  the prol i ferat ive capaci ty  of  sur- 
viving ceils remains  constant  or is only slightly depressed.  
Cytotoxic  agents whose p r imary  target is D N A  (e.g., ioniz- 
ing radia t ion,  adr iamycin)  cause an immedia te  loss of  t h e  
prol i ferat ive potent ia l  of  the cell but  p roduce  no rap id  
change in visible indices of  viabili ty,  such as abi l i ty  to ex- 
clude Trypan  Blue or  resist lysis. Thus, it seems unl ikely  
that  the genetic mater ia l  of  the cell is the major  site of  ac- 
t ion of  the phenothiazines .  

For  all three drugs,  tumor  cell numbers  in t reated mice 
cont inued to fall for at least 24 h after drug injection.  This 
p ro longed  pe r iod  over which the effects of  the drugs per- 
sist may  reflect a slow rate of  c learance of  the drug from 
the tumor;  however,  apar t  from some studies on the con- 
centrat ion of  ch lorpromazine  by melanomas  [6], little is 
known of  the rate of  accumula t ion  and clearance of  phen-  
othiazines by tumor  tissue. 

The clinical  use of  phenoth iaz ine  analogs is wides- 
p read  and intensive. Several authors have commented  on 
the possible effect of  the p ro longed  use of  ch lorpromazine  
by patients with certain types o f  mental  d isorder  on the in- 
cidence and response to t reatment  of  mal ignan t  disease 
when it occurs among these patients [7, 211. Results report-  
ed here indicate  that  the cytotoxic  activity of  the phenothi-  
azines is not  conf ined to chlorpromazine ,  but  is character-  
istic of  other widely prescr ibed phenothiazines.  

In  these exper iments  a relatively high concentra t ion  of  
drug was used to produce  the observed level of  tumor  cell 
kill, and no specifici ty was demons t rab le  for hypoxic  cells. 
In contrast,  it has been repor ted  that  relat ively low con- 
centrat ions of  ch lorpromazine  are effective in sensitizing 
hypoxic  cells to radia t ion  [41, chemotherapy  [14] and hy- 
per thermia  [10]. These f indings suggest that  while pheno-  
thiazines do show a significant degree of cytotoxic  activi ty 
when used alone,  the cytotoxic potent ia l  of  these drugs 
would be best exploi ted in combina t ion  with other treat- 
ment  modali t ies.  
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