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Rhodamine-123 Selectively Reduces Clonal 

Growth of Carcinoma Cells in vitro 

Abstract. Rhodamine-123, a cationic laser dye, markedly reduced the clonal 
growth of carcinoma cells but had little effect on nontumorigenic epithelial cells in 
vitro. This selective inhibitory effect of Rhodamine-I23 on some carcinomas is 
unusual since known anticancer drugs, such a s  arabinosyl cytosine and  methotrex- 
ate, have not been shown to exhibit such selectivity in vitro. 

The fluorescent dye Rhodamine-123 
(Rh-123) selectively accumulates in the 
mitochondria of living cells (I). The spe- 
cific accumulation of this dye appears to 
depend on its cationic and permeant 
properties and on the high electric poten- 
tial (inside negative) across the mito- 
chondrial membrane (2, 3). Although all 
living cells we have examined thus far 
accumulate Rh-123 in their mitochon- 
dria, cell types differ in their ability to 
retain Rh-123 in dye-free medium (3, 4). 
We found that most carcinoma cells re- 
tain Rh-123 for 2 to  5,days when they are 
incubated in dye-free medium, whereas 
nontumorigenic epithelial cells and tu- 
morigenic or nontumorigenic cells of fi- 

broblastic, neural, o r  hematopoietic ori- 
gin release the dye within 1 to  16 hours 
(4). It may be possible to exploit the 
difference in Rh-123 retention between 
carcinoma cells and other cell types for 
cancer chemotherapy (5). In the study 
described herein, we compared the ef- 
fects of Rh-123 treatment on the clonal 
growth of carcinoma cells and nontumor- 
igenic epithelial cells in vitro. 

For these experiments we used MB 49 
cells, a mouse bladder epithelial line 
transformed by 7,12-dimethylbenz[a]an- 
thracene (DMBA) (6). These cells are 
highly tumorigenic and retain a signifi- 
cant amount of Rh-123 in their mitochon- 
dria for 4 days when they are incubated 

in dye-free medium. In contrast, primary 
cultures of normal bladder epithelial 
cells lose Rh-123 fluorescence within 2 
hours (4). To  determine whether this 
difference in retention results in greater 
inhibition of clonal growth of MB 49 cells 
than of normal mouse bladder epithelial 
cells, we treated these cells grown in 
vitro with Rh-123 and assayed their colo- 
ny-forming ability. Exposure to Rh-123 
(10 ~ g i m l )  for 24 hours had a minimal 
effect on the colony-forming units (CFU) 
of normal mouse bladder epithelial cells 
(92 percent of control) (Fig. lA), but 
markedly reduced the C F U  of MB 49 
cells (4 percent of control). The effect of 
Rh-123 on MB 49 cells depended on the 
concentration and duration of exposure. 
Even 6 hours of exposure to 10 kg of Rh- 
123 per milliliter reduced the C F U  to 45 
percent of control, whereas such treat- 
ment had no significant effect on the 
CFU of normal bladder epithelial cells. 

We then compared the reductions in 
CFU of EJ  cells (a human bladder carci- 
noma line), MB 49 cells, and normal 
mouse bladder epithelial cells that had 
been exposed for 24 hours or continu- 
ously to different concentrations of Rh- 
123 during the 2-week period of clonal 
cell growth (Fig. 1, B and C). Continuous 
exposure of normal mouse bladder epi- 
thelial cells to Rh-123 (10 pglml) had 
only a small effect on CFU.  However, 
both EJ and MB 49 cells were suscepti- 
ble to the inhibitory effects of Rh-123. 
Colony formation in these cells was re- 
duced to 50 percent of control after 24 
hours of exposure to  2 to 5 pg of Rh-123 
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Fig. 1. The effects of Rh-123 on colony-forming units (CFU) of (A) normal mouse bladder 
cells and MB 49 cells, and (B and C) normal mouse bladder cells, MB 49 cells, and EJ 
bladder carcinoma cells. The primary culture of mouse bladder epithelial cells was prepared 

0 4 8 1 6  " 24 as described (6). The Rh-123 (10 kglml), in Dulbecco modified Eagles medium supplemented 

Time (hours) 
with 10 percent fetal calf serum, was added to each plate. The plates were incubated at 37'C 
in 5 percent C 0 2  for various times before the cells were washed and reincubated in 

rhodamine-free medium. After 2 weeks, the numbers of colonies were counted and the results were expressed as percentages of control, with 
control plates normalized to 100 percent CFU. The standard error for triplicate samples was 3 to 5 percent. The MB 49 cells (a mouse bladder epi- 
thelial cell line transformed with DMBA) and EJ cells (human bladder carcinoma cell line) were plated and treated with different concentrations of 
Rh-123 for various times before they were washed and reincubated in fresh medium. The CFU (percentage of control) was determined as 
described above. The standard error for duplicate samples was 5 percent. 
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per milliliter (Fig. 1B) and by continuous 
exposure to  0.2 to 0.5 kg  of Rh-123 per 
milliliter (Fig. 1 C). 

We also compared the effects of Rh- 
123 on the CFU of other carcinoma and 
nontumorigenic cell lines, all of which 
have been confirmed to be of epithelial 
origin by studies of immunofluorescence 
with keratin antibody. The carcinoma 
cells retained Rh-123 longer than nontu- 
morigenic epithelial cells (4). BSC 1, a 
nontumorigenic line of monkey kidney 
epithelial cells (Fig. 2A) and CCL 34, a 
nontumorigenic dog kidney epithelial 
line (Fig. 2B) were relatively insensitive 
to Rh-123. In contrast, C C L  51, a mouse 
breast carcinoma line (Fig. 2A) and H U T  
23, a human lung adenocarcinoma line 
(Fig. 2B), were very sensitive to the 
inhibitory effects of Rh-123, with colony 
formation being reduced to 50 percent of 
control by continuous exposure to 0.2 to  
0.5 kg of Rh-123 per milliliter. 

The clonal growth of MCF-7 cells (hu- 
man breast carcinoma line) and Ehrlich 
ascites cells (mouse carcinoma line) was 
also reduced to 50 percent of control 
after continuous exposure to Rh-123 (0.5 
pglml), whereas the clonal growth of Pt 
K1 (a nontumorigenic marsupial kidney 
line) and CRL 1521 (a normal human 
skin fibroblast line) was greater than 80 
percent under similar conditions. How- 
ever, the clonal growth of all the cell 

lines we tested was not reduced by 10 
minutes of exposure to 10 kg of Rh-123 
per milliliter. Thus, the conditions re- 
quired for specific staining of mitochon- 
dria (1, 2), for measurements of Rh-123 
retention (3, 4), and for cell viability 
assays (3, 7) were not inhibitory to the 
cells. 

Unlike Rh-123, arabinosyl cytosine 
(Ara-C) and methotrexate (cell cycle- 
specific anticancer drugs) were not se- 
lectively inhibitory for carcinoma cells in 
vitro (Fig. 2, C and D). Since BSC 1, 
CCL 34, CCL 51, and HIJT 23 had 
similar doubling times, it appeared that 
Ara-C and methotrexate inhibited the 
clonal growth of cycling tumorigenic and 
nontumorigenic epithelial cells. These 
results also suggest that the selective 
inhibition of CFU by Rh-123 was not due 
to differences in cell-cycle kinetics be- 
tween carcinoma and nontumorigenic 
epithelial cells. 

The ability of carcinoma lines to retain 
Rh-123 may have been important in their 
sensitivity to Rh-123. However, this pro- 
longed dye retention was unlikely to 
have been the sole mechanism for the 
selective inhibitory effects since continu- 
ous treatment with Rh-123 also resulted 
in a much greater reduction of CFU in 
carcinoma cells than in nontumorigenic 
epithelial cells. Some possible explana- 
tions for these observations are (i) that 

I I I 
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Fig. 2. The effect of Rh-123 on CFU of (A) BSC 1 cells, a nontumorigenic monkey kidney 
epithelial line, and CCL 51 cells, a mouse breast carcinoma line. and (B) CCL 34 cells, a 
nontumorigenic dog kidney epithelial line, and HUT 23 cells, a human lung adenocarcinoma 
line. The effect of (C) Ara-C and (D) methotrexate on CFU of BSC 1 ,  CCL 5 1, and HUT 23 cell 
lines. 

certain cellular components or organ- 
elles (possibly mitochondria) of carcino- 
mas are very sensitive to the inhibitory 
effects of Rh-123; (ii) that nontumori- 
genic cells have an active mechanism for 
excluding Rh-123 from the vulnerable 
cellular compartment in the face of con- 
tinued presence of Rh-123 in the culture 
medium; or  (iii) that nontumorigenic 
cells are capable of inactivating Rh-123. 
Nonetheless, mitochondria are the likely 
targets for the inhibitory action of Rh- 
123 since they selectively accumulate the 
dye (1-3). Rhodamine-123 may disrupt 
some mitochondria1 functions, such as  
the translocation of adenosine diphos- 
phate (a), proton ejection (9) ,  or electron 
transport (10). In previous studies the 
cytostatic effects of Rh-123 on the L 1210 
leukemia line (11) and of rhodamine 6G 
on the mink fibroblast line CCL 64 (12) 
were described. 

Tumors of the lung, breast, and colon 
are still the major causes of deaths due to 
cancer in the United States (13), and new 
and more selective drugs are needed to 
combat these tumors. The system we 
have described in this report would be 
useful for screening the anticarcinoma 
activity of additional rhodamine analogs 
before they are tested in animals. It 
would be of interest to determine wheth- 
er some carcinomas, particularly those 
that d o  not retain Rh-123 (4), are resist- 
ant to the inhibitory effects of Rh-123. 
Whether Rh-123 can prolong the survival 
of mice implanted with carcinomas also 
remains to be investigated. 
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matozoids of A ,  nodosum following the 
procedure described for Fucus serratus 
(10). Spermatozoids were strongly at- 
tracted to the Vaseline droplets impreg- 
nated with the egg product, indicating 
that the isolated compound represented 
the native hormone. 

Detailed analytical studies on this sub- 
stance and comparison by gas chroma- 

The Sperm Attractant of the Marine Brown Alga 
Ascophyllum nodosum (Phaeophyceae) 

tography-mass spectrometry with syn- 
thetic references (11) revealed that it is 
1(3E,5Z,8Z)-undecatetraene (Table 1). 
This compound had been reported as a 

Abstract. Spermatozoids of the intertidal seaweed Ascophyllum nodosum (Fu-  constituent in vegetative thalli of the 
cales, Phaeophyceae) are attracted t o  eggs prior t o  fertilization. The attractant has brown alga Dictyopteris plagiogramma 
been isolated and its structure identijied as  1(3E,SZ,8Z)-undecatetvaene (jinavar- (12). It is also secreted by the gametes of 
rene). The relation ofjinavarrene t o  sex hormones in other brown algae is discussed. another brown alga, Spermatochnus par- 

adoxus, but no biological function was 
Chemotactic attraction of spermato- sorbed on a filter bed containing 2 mg of detected in this case (13). Now that a 

zoids by eggs is a well-known phenome- activated carbon. After 12 hours, sub- highly specific biological activity of this 
non in algae, mosses, and ferns (I). stances were eluted from the filter with undecatetraene has been detected, we 
Some marine algae in the order Fucales, 30 p1 of dichloromethane and subjected suggest "finavarrene" as a trivial name, 
which clearly show sperm chemotaxis, to analytical and preparative glass-capil- referring to Finavarra, a locality in Gal- 
were studied as early as 1854 (2). How- lary gas chromatography. The extracts way Bay where the isolation work was 
ever, it was not until 1972 that advances contained a single compound that was carried out. The molecular size of fina- 
in analytical methods permitted the iden- produced by eggs for as long as 36 hours. varrene is identical to that of related 
tification of the pheromones involved in In 16 trials, the average yield of this substances in other brown algae in which 
this reaction. Sperm attractants are now compound in an hour was 4.5 k 2.0 ng the attractants are all C l l  olefines. Fu- 
known from five genera of marine brown per lo6 eggs. cus,  with a C8 molecule, appears to be an 
algae: Ectocarpus (3), Cutleria (4), Dic- To study the biological effect of the exception. Ascophyllum and Fucus,  both 
tyota (5 ) ,  Desmarestia (6 ) ,  and Fucus (7) compound, the fractions were collected members of the order Fucales in the 
(Fig. 1). In all cases, the sperm attrac- after emergence from the gas-chromato- subclass Cyclosporidae, share the 
tants are olefinic hydrocarbons, and graphic column in a micro-ampule placed straight-chain character of their attrac- 
their molecular size and structure appear directly on the column exit and cooled tants, whereas all sex hormones in algae 
to parallel phylogenetic relationships (8). with dry ice. The ampule contained a of the subclass Phaeophycidae are 
Since the attractant in the genus Fucus strip of cover-glass on which there were monocyclic cyclopentane or cyclohep- 
(Fucales) is a straight-chain octatriene droplets of Vaseline. This preparation tane derivatives. 
and those of all other brown algae stud- was tested with freshly released sper- Spermatochnus paradoxus, a member 
ied (in other orders) are monocyclic Cll 
molecules, we decided to studv another 
member of the order Fucales, ~ s c o p h y [ -  Table 1. Analytical data for the Ascophyllum egg product (finavarrene), a synthetic sample (I]), 

lum nodosum (L.)  Le Jol., which forms and retention indices for two additional undecatetraenes. 

large intertidal populations in many ar- 
eas of the North Atlantic. It is dioecious, 
and sperm chemotaxis has been reported 
in this species (2). 

Mature receptacles of female Asco- 
phyllum nodosum plants, collected in 
various sheltered locations of Galway 
Bay, Ireland, between 10 and 30 April 
1982, were processed on the German 
research vessel Friedrich Heincke. The 
receptacles were soaked in water for 5 
minutes and dried at 20°C. Receptacles 
that produced oogonial masses within a 
few hours were submerged in seawater 
(10°C) in an illuminated cold room. Eggs 
soon were liberated and were allowed to 
sediment through clean seawater to re- 
move debris. Suspensions of clean eggs 
were pipetted into extraction flasks filled 
with 2 liters of seawater decontaminated 
by stripping. Low molecular hydropho- 
bic compounds were removed from sus- 
pensions of living eggs by the closed- 
loop stripping technique (9), and ad- 
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Retention index 

Compound OV 73 UCON 75H 
(120°C) (160°C) 

Gas chromatography 
Ascophyllum (finavarrene) 1182.0 t 0.1 1389.2 t 0.7 
1(3E,5Z,8Z)-undecatetraene 1181.8 t 0.2 1389.0 t 0.2 
1(3E,5E,8Z)-undecatetraene 1193.1 t 0.4 1409.0 t 0.2 
1(3Z,5E,8Z)-undecatetraene 1190.0 t 0.1 1400.0 t 0.1 

Mass spectromett-y 
Masslcharge 148 (M+),  119, 105, 91, 79 (100 percent) 

Fig. 1. Structural formulas of finavarrene and 
other sexual hormones of brown algae: (A) ecto- 
carpene in the genus Ectocarpus, (B) dictyopter- 
ene C' in Dictyota dichotoma, (C) multifidene in 
Cutleria multifida; (D) fucoserratene In the genus 
Fucus; (E) desmarestene in the genus Desmare~- 
ria, and (F) finavarrene, the spermatozoid attract- 

E F ant of Ascophyllum nodosum. 
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