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Abstract. The cytotoxicity and antitumor effects of the 
acetogenin Bullatacin were evaluated in vitro in multiple 
ovarian cancer cell lines and in vivo in a murine ovarian 
teratocarcinoma (MOT) model in C3HeB/FeJ mice. The in 
vitro cytotoxicity of Bullatacin against four human ovarian 
epithelial tumor cell lines (OC-194, OC-222, OVCAR-3, 
and A-2780) was assessed in 48- and 72-h tetrazolium-dye 
(MTT) cytotoxicity assays. The percentage of cytotoxicity 
was determined on the basis of the mean optical density of 
the respective untreated cells and the dose effective against 
50% of the cells (EDs0) was calculated for each cell line. In 
vivo experiments were performed on adult female C3HeB/ 
FeJ mice, which were injected i.p. with 105 MOT cells and 
varying amounts of Bullatacin given either in a single dose 
or in 5 subsequent doses over 72 h. All mice were observed 
for survival relative to that of the control groups, which 
were injected either with 105 MOT cells with or without 
serial injections of vehicle or with vehicle only. All four 
epithelial ovarian cancer cell lines displayed sensitivity to 
Bullatacin, The relative cytotoxic effects were very het- 
erogeneous, with the EDs0 value ranging between 10 .7 pg/ 
ml for OC-194 and 4 ~tg/ml for the cisplatin-resistant cell 
line OVCAR-3 in a 72-h MTT cytotoxicity assay. All mice 
that had been injected i.p. with 105 MOT cells and 1.4 mg/ 
kg or more of Bullatacin died within the first 24 h after 
injection, whereas all mice that had received 600 gg/kg of 
Bnllatacin or less survived equally as long as the controls 
that had been injected with MOT onIy (21.1+_0.9 days), 
Mice that had received Bullatacin at a dose ranging from 
600 gg/kg to 1.4 mg/kg either died during the t st day 
postinjection or survived, but not longer than the MOT 
control group. Serial i.p. injections of Bullatacin again el- 
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ther led to death of the mice within 24-48  h of the last dose 
of Bullatacin or did not have any effect on the survival of 
the mice as compared with the respective control groups, 
which had been injected with the tumor and serial injec- 
tions of vehicle (22.5_+2.2 days). In summary, Bullatacin 
showed no effect on MOT-caused animal death in C3HeB/ 
FeJ mice at nonlethal dose ranges, whether it was given as a 
single i.p. dose or serially over 72 h. In vitro, however, it 
proved to be a very potent cytotoxic agent in a variety of 
ovarian cancer cell lines. As compared with other che- 
motherapeutic agents, which we accept as having clinically 
important antitumor efficacy against ovarian cancer, such 
as cisplatin or carboplatin, Bullatacin demonstrated a very 
favorable EDs0 in viu-o/LDs0 in vivo (the dose lethal to 50% of 
the mice) ratio. 

Introduction 

Ovarian cancer is the leading cause of cancer death from a 
gynecologic malignancy, with approximately 20,000 new 
cases and 12,000 deaths being reported annually in the 
United States [3]. This depressing reality exists despite the 
wide availability of extensive surgical procedures and 
multiple-drug chemotherapy. New substances must be 
identified that have high antitumor efficacy with acceptable 
toxicities. 

In the late 1960s a large-scale screening program of 
plants was instituted through the National Cancer Institute 
(NCI) for the identification of naturally existing cytotoxic 
substances. This led to the identification of the recently 
(Food and Drug Administration, FDA) approved che- 
motherapeutic agent taxol as the active constituent of the 
bark extract of the Pacific yew Taxus brevifolia [10]. 
During such screening of plants at Purdue University, Hui 
and colleagues [6] isolated and characterized Bullatacin, 
another potentially promising cytotoxic substance. It is the 
most bioactive compound of a group of acetogenins ex- 
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tracted from the bark  of the Annona bullata tree [6]. Bul-  
la tacin has been  found  to be a very potent  inhibi tor  of  
mi tochondr ia l  respirat ion with a specific site of act ion on 
complex  I [reduced n ico t inamide  aden ine  d inucleot ide  
( N A D H ) - u b i q u i n o n e  oxidoreductase] of  the respiratory 
chain [1]. In vitro test ing at the NCI  in cell growth- in-  
h ib i t ion  assays has found  Bul la tac in  best  active for certain 
CNS cancers ,  non-smal l -ce l l  lung  cancers,  and leukemias  
[6]. In vitro cytotoxici ty  assays have demonst ra ted  a re- 
markable  potent ial  against  several h u m a n  solid cell l ines 
such as lung cancer  cell l ine A549,  breast cancer  cell l ine 
MCF-7 ,  and colon adenoca rc inoma  cell. l ine HT-29 [8]. In 
vivo data obta ined  at Upjohn  C o m p a n y  (Kalamazoo,  
Mich.)  against  L1210 leukemia  in mice  show increases in 
life spans of  38% for Bul la tac in  (at 50 ~tg/kg) and an ap- 
parent  300 t imes higher  in v ivo potency for Bul la tac in  than 
for Taxol [1]. 

In l ight of such promis ing  data, this study was con-  
ducted to invest igate  the effects of  Bul la tac in  on ovar ian 
mal ignanc ies  both in vitro us ing different epithelial  tumor  
cell l ines (OC-194,  OC-222,  A-2780,  and the cisplat in-re-  
sistant cell l ine O V C A R - 3 )  and in vivo using a mur ine  
ovar ian te ra tocarc inoma model  that closely resembles  dis- 
seminated  ovar ian cancer. 

Materials  and methods  

FeJ mice every 2 weeks. Cell viability was assessed by trypan-blue 
exclusion prior to each i.p. transplantation. For the Bullatacin ex- 
periments, MOT cells at passages 2 -8  were employed. An i.p. in- 
jection of as few as 103 MOT cells has previously been shown to kill 
all recipient mice [2]. 

Mice. All in vivo experiments were performed with adult, 8- to 10- 
week-old female C3HeB/FeJ mice obtained from Jackson Laboratories 
(Bar Harbor, Me.). The animals were fed standard laboratory diet. 

Injections of MOT and Bullatacin. In the first experimental phase, 12 
groups of 5 mice each were individually injected i. p. with a single dose 
of 105 MOT cells and with Bu]latacin at different concentrations ran- 
ging fiom 72 ~tg/kg to 20 mg/kg in 0.25 mt of phosphate-buffered 
saline (PBS) as follows: group 1, 72 btg/kg; group 2, 150 gg&g; 
group 3, 300 gg/kg; group 4, 480 gg/kg; group 5,600 ~_g/kg; group 6, 
720 ~tg/kg; group 7, 960 btg/kg; group 8, 1.25 mg/kg; group 9, 2.5 rag/ 
kg; group 10, 5 mg/kg; group 11, 10 mg/kg; and group 12 20 mg/kg. In 
addition, one tumor-control group of mice (n = 7) was injected i.p. 
with 105 MOT cells in 0.25 ml of PBS and no Bullatacin. A second 
vehicle-control group was injected i.p. with 0.25 ml of PBS (n = 3) or 
DMSO/PBS (n = 3) only. In phase two of the in vivo experiment, 
groups of five mice each were injected serially every 18 h with five 
subsequent administrations of Bultatacin dosed at either 480 or 72 ~tg/ 
kg per injection in 0.25 ml of PBS. A control group was injected i.p. 
serially every 18 h with 0.25 ml of PBS vehicle only. All mice were 
injected with 105 MOT cells concomitantly with the first injection of 
Bullatacin or vehicle. Again, mice were observed for abdominal dis- 
tention and survival. The set endpoint for observation was 60 days in 
all phases of the experiment. 

Bullatacin. Bullatacin, an acetogenin isolated from Annonaceae spe- 
cies, was kindly donated by Dr. J. L. McLaughlm at Purdue University 
(West Lafayette, Ind.). The purity of the substance was at least 95%. It 
was dissolved in dimethytsulfoxide (DMSO), maintained in a stock 
solution of 10 mg/ml at 4 ~ C, and protected from light. 

Cells. Human ovarian epithelial tumor cell lines OVCAR-3 and A- 
2780 were obtained from the American Type Culture Collection 
(Rockville, Md.). Ovarian epithelial tumor lines OC-194 and OC-222 
were derived from patients at UCLA and maintained as continuous- 
culture cell lines. All cell lines were grown in RPMI 1640 (Cellgro, 
Washington, D. C.) supplemented with 10% heatqnactivated fetal 
bovine serum (Gemini, Calabasas, Calif.), 2 mM L-glutamine, 100 U 
penicillin/ml, and 100 gg streptomycin/ml. Cells were grown in a 
humidified incubator containing 5% CO2 at 37 ~ C. 

Cytotoxicity assay. For tetrazolium-dye (MTT) cytotoxicity assay [9], 
adherent epithelial tumor monolayers in cultm'e were trypsinized and 
washed with culture medium. The cells were plated at 10,000 cells/ 
well in 96-we11 flat-bottomed plates. After a 24-h preincubation period, 
Bullatacin was added to the appropriate wells in concentrations of 10- 
fold increments ranging from 10-8 l.tg/ml to 10 gg/ml. The plates were 
incubated for 48 or 72 h at 37 ~ C. The supernatants were removed from 
all wells, 100 btl of MTT (Sigma. St. Louis, MoO solution (5 mg/ml) 
was added to each well, and the plates were incubated for 4 h at 37 ~ C. 
The MTT solution was then removed and 100 btt of DMSO (Fisher, 
Fair Lawn, N. J.) was added to the wells to solubilize the MTT crystals. 
The plates were placed on a shaker for 30 rain and absorbance was 
read at 540 nm on a multiwell spectrophotometer (Titertek). The 
percentage of cytotoxicity was calculated as (A-B)/A x 100 (%)), 
where A is the mean optical density of untreated wells and B is the 
optical density of Bullatacin-exposed wells. 

Tumor. Mouse ovarian teratocarcinoma (MOT) is a syngeneic tumor 
that closely resembles disseminated ovarian cancer. The MOT cells 
were kindly donated by Dr. Robert Bast at the Duke Comprehensive 
Cancer Center (Durham, N. C.). This cell line does not grow in vitro. It 
was maintained by serial i.p. injections of 105 viable cells into C3HeB/ 

Results  

Four  epithelial  ovar ian  cancer  cell l ines (OC-222,  OC-194,  
OVCAR-3 ,  and A-2780)  were evaluated for in vitro sen- 
sit ivity to Bullatacin.  All  cell l ines displayed sensi t ivi ty to 
Bullatacin,  a l though their responses were heterogeneous.  In 
each case there was an apparent  shoulder  in the dose-re- 
sponse curve extending  over several  orders of  magni tude .  
The  relat ive sensi t ivi ty varied considerably,  with the dose 
effective against  50% of  the cells [ED50] rang ing  f rom 10 -7 
gg /ml  for OC-194  to 4 gg /ml  for the c ispla t in-res is tant  cell 
l ine O V C A R - 3  in a 72-h M T T  cytotoxici ty  assay (Fig. 1). 
In addit ion,  the t ime of exposure  appeared to have a crucial  
impact.  In a compar i son  of  48-h and 72-h cytotoxici ty  as- 
says, the EDs0 value was approximate ly  10 (OVCAR-3)  to 
108 (OC-194) t imes lower  when  the 48-h incuba t ion  period 
was extended for another  24 h (Table 1). 

The effect of  Bul la tacin  on the growth of  M O T  cells in 
8- to 10-week-old female  C3HeB/FeJ  mice  was ini t ia l ly  
assessed in 12 groups of  mice  (n = 5/group) in which  each 
an imal  received a single i .p.  in jec t ion of  Bul la tac in  at a 

Table 1. Bultatacin-mediated cytotoxicity expressed as EDs0 values 
obtained in 48- and 72-h MTT assays 

Cell line EDs0 (,ug/ml) 

48-h MTT 72-h MTT 
cytotoxicity assay cytotoxicity assay 

OC-194 10 10 -7 
OC-222 5 5 • 10 -4 
A-2780 10-2 6 x 10 -6 
OVCAR-3 50 4 
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Fig. 1. Sensitivity of the human  ovarian epithe- 
lial tumor cell lines OC-194, OC-222, A-2780, 
and OVCAR-3 to Bullatacin-mediated cytotoxi- 
city in vitro in a 72-h MTT cytotoxicity assay 
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Fig. 2. Survival of  mice injected i.p. with 105 
MOT cells and differing single doses of 
Bullatacin ranging from 72 btg/kg to 20 mg/kg. 
For comparison, the mean survival of  the 
control group of mice that receibved 105 MOT 
cells and vehicle alone was 21 ___ 0.9 days 

dose ranging from 20 mg/kg to 72 gg/kg in addition to the 
i.p. injection of 105 MOT cells. There were two control 
groups of mice. One group was injected with 105 MOT cells 
but no Bullatacin (n = 7), and the other was injected with 
vehicle only (n = 6; 3 mice received PBS, 3 mice received 
DMSO/PBS). In the five groups of mice that had received 
Bullatacin in the dose range of 20-1 .4  mg/kg, all mice died 
within 24 h of the injection of Bullatacin and MOT cells. 
For the five groups of mice that had been given Bullatacin 
at doses ranging from 600 to 72 btg/kg, the mean survival of 
each group varied between 21.0 +_ 0.8 and 23.0___ 0.7 days, 
which corresponds exactly to the survival of the control 
group of mice that had been injected with MOT cells only 
(21.1-t-0.9 days). In the two groups of mice that had re- 
ceived 960 or 720 btg/kg of Bullatacin in a single i.p. dose 
at the time of MOT injection, the mean survival was 

9.1+11.9 and 13.4_+11.8 days, respectively. The high 
standard deviations reflect the following: in the 960-btg/kg 
group, these mice died within 24 h of the injection of 
Bullatacin and two mice survived to days 20 and 24, re- 
spectively. Very similar results were found in the 720-btg/kg 
group, in which two mice died within 24 h and all that 
survived subsequently died on day 22 after the injection of 
Bullatacin and MOT. All mice that had been injected with 
vehicle alone tolerated the injection well and were alive 
and active after 60 days. Thus, all mice that had received 
high-dose Bullatacin injections died within 24 h, pre- 
sumably from drug toxicity. When Bullatacin was injected 
at a lower dose, it did not display sufficient toxicity toward 
the MOT cells and failed to increase the survival of the 
respective mice (Fig. 2). 
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Fig. 3. Survival of mice inoculated i.p. with 105 MOT 
ceils and 5 serial injections of either vehicle alone or 
Bullatacin at 72 or 480 gg/kg per injection over 72 h. 
None of the animals died during the injection period. 
Mice either died within 24-48 h of the last dose of 
Bullatacin, presumably from drug toxicity, or died of 
tumor at day 21, just as the control group, which had 
been injected with tumor cells and vehicle only 

Considering the observation that a 72-h incubation 
period strongly enhanced the in vitro cytotoxicity of Bul- 
latacin and markedly reduced the EDs0 value, the in vivo 
experiment was continued into a second phase. Two groups 
of mice (n = 5 each) were injected i.p. serially every 18 h 
with five doses of Bullatacin. Each of the mice received 105 
MOT cells along with the first drag injection. In the group 
that had been treated i.p. with 480 gg/kg of Bullatacin per 
injection, all mice died within 24 -48  b of the last admin- 
istration of Bullatacin. In the group that had been injected 
i.p. with 72 btg/kg of Bullatacin per dose, two mice died 
within 24 h of the last injection and three mice died of 
MOT at days 20, 21, and 22, respectively. This survival was 
equal to that noted in the control mice, which had been 
injected once with 105 MOT cells and serially with PBS 
vehicle only (mean survival, 22.5 _+ 2.2 days). Thus, even 
after serial injections, we observed the same phenomenon: 
either the mice died of the cumulative toxicity of Bullatacin 
shortly after the treatment course had been completed or 
the Bullatacin did not display any antitumor effect mea- 
surable as an increase in survival (Fig. 3). Unfortunately, 
the possibility that MOT may be resistant to Bullatacin 
could not be tested in vitro since this cell line cannot be 
maintained in cell culture. 

Mice that died shortly after the treatment with Bullata- 
cin had been completed presumably died of drug toxicity. 
Since a formal necropsy/autopsy was not performed, we 
cannot comment on pathologic or histologic features such 
as end organ damage. However, clinical observations re- 
garding the toxicity of Bullatacin are worth mentioning. 
The immediacy of lethal toxicity was most remarkable, 
with no other indicator of toxicity beir~g present prior to 
death. In the 70 animals treated, including those that had 
undergone serial injections of Bullatacin, there was no case 
in which signs of toxic morbidity such as decreased ac- 
tivity, restlessness, hunched posture, decreased food or 
water intake, rapid or labored breathing, decreased alert- 
ness, or seizures were observed. Close clinical observation 

did not point to specific organ systems as sites of toxicity. 
Considering the mechanism of action, generalized periph- 
eral suffocation at the cellular level due to inhibition of 
mitochondrial respiration appears most likely, which, as we 
know from other inhibitors of the respiratory chain, can 
manifest itself quite suddenly. 

Discussion 

Despite recent advances in surgical techniques and ad- 
juvant therapies, ovarian cancer remains the most common 
cause of cancer death from a gynecologic malignancy in 
the United States. Therefore, a need remains for new agents 
with significant tumoricidal effects and acceptable toxicity. 
This demand has helped to direct the attention of re- 
searchers toward naturally occurring toxins. During a plant 
screening at Purdue University, Hui and colleagues [6] 
found the bark of the Annona buIlata tree to be highly 
cytotoxic and identified Bullatacin as its most bioactive 
compound. In the present study we evaluated the cyto- 
toxicity of Bullatacin in an ovarian cancer model in vitro 
and in vivo. 

Our data show that in the MOT-C3HeB/FeJ in vivo 
model, Bullatacin failed to show any effect on tumor- 
caused animal death at nonlethal doses, independently of 
whether it was given as a single i.p. dose or serially in five 
doses over 72 h. In vitro, however, it displayed very potent 
cytotoxic effects on three of the four human epithelial 
ovarian cancer cell lines, with only the cisplatin-resistant 
cell line OVCAR-3 being less sensitive. 

Interestingly, in all cell lines tested there was an ap- 
parent shoulder in the dose-response curve, which suggests 
three possibilities. First, a subpopulation of cells exists in 
each cell line that is relatively resistant to Bullatacin, 
requiring an up to 107-fold increase in Bullatacin con- 
centration for cytotoxic effects. Second, there exists a 
certain metabolic state in which ceils are more resistant to 
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Bullatacin, making two mechanisms of  action likely. Tak- 
ing into account the recently identified specific site of ac- 
tion on complex I (NADH-ubiquinone oxidoreductase) of 
the respiratory chain [1], the possibi l i ty  that cells can be in 
an aerobic or anaerobic state of metabol ism may account 
for such differences in sensitivity. Third, the shoulder in the 
dose-response curve may also represent an artifact of  the 
assay, which appears unlikely since it is so readily re- 
producible.  This "shoulder effect" could be a possible cause 
of  the poor ant i -MOT effect observed in vivo in the C3HeB/ 
FeJ mice at doses that were not lethally toxic. 

Unfortunately, we do not have data to explain the lack of 
antitumor effects of Bullatacin in the MOT-C3HeB/FeJ  
mouse model. In part this is due to the inabil i ty to maintain 
the MOT line in cell culture. Nevertheless,  we can assess 
the significance - or insignificance - of  our inabili ty to 
demonstrate in vivo antitumor activity in the MOT model  
by comparing our findings with the results of  similar ex- 
periments with other chemotherapeutic agents that we ac- 
cept as having cl inically important  activity against ovarian 
cancer. The 72-h in vitro EDs0 of  Bullatacin for all cis- 
plat in-sensit ive cell lines (OC-194, OC-222, A-2780) was 
1.44 (OC-222) to 7,200 (OC-194) times lower than the 
lethal single doses in C3HeB/FeJ mice. Similarly, the in 
vitro EDs0 was 1.39 times higher (OC-222) to 3,600 times 
lower (OC-194) than the lethal cumulat ive doses of  Bul- 
latacin in mice (72 gg/kg x 5 doses). These EDs0 in vitro/ 
LD50 in vivo (the dose lethal to 50% of the mice) ratios of 
Bullatacin compare most favorably with those of other 
frequently used chemotherapeutic  agents. For  example,  
cisplatin has an overall  in vitro EDs0 of  107 ~g/ml for 
human ovarian cancer cell lines [4], with the LDs0 in rats 
being 12 mg/kg [7]. Thus, the ED50 in vitro is 8.9 t imes 
higher than the LDs0 in vivo. Similar  results are found for 
carboplatin, where the overall  EDs0 for ovarian cancer cell 
lines is 490 gg/ml  [4]. As compared with a carboplat in dose 
of 170 mg/kg, which is 100% lethal in mice [5], this gives 
an EDs0 in vitro]LD50 in vivo ratio of at least 2.88. In light of  
these ratios, it becomes very l ikely that the MOT tumor is 
resistant to Bullatacin. Thus, since Bullatacin promises to 

be an excellent substance with strong antitumor activity and 
a potential for a broad therapeutic window, it wan'ants 
further in vivo evaluation in other cancer animal models,  
e.g.,  against human epithelial  ovarian cancer in nude mice, 
employing cancer xenografts known to be sensitive to 
Bullatacin in vitro. 
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