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Abstract 0 Based on the fact that some known antineoplastic agents 
possess an ester moiety within their structure, the esters of helenalin, a 
sesquiterpene lactone, and of brusatol and bruceantin, quassinoids, were 
synthesized and tested for antileukemic activity in the P-388 screen. 
These agents gave different T/C %values dependent on the P-388 lym- 
phocytic leukemia strain and the host strain of mice used. Later studies 
demonstrated that the agents caused different degrees of inhibition of 
nucleic acid and protein synthesis in the various P-388 strains. The higher 
the degree of inhibition of precursor incorporation into the nucleic acid 
or protein, the higher was the T/C % value obtained in a given P-388 
strain. The study demonstrates the lack of consistency of P-388 lym- 
phocytic leukemia cell lines used in various laboratories and indicates 

that the inbred strain of mice is a critical factor in the tolerance of drug 
toxicity and, thus, T/C % obtained. 

Keyphrases P-388 lymphwytic leukemic cells-antileukemic activity 
of helenalin, brusatol, and bruceantin and their esters 0 Antileukemic 
agents-comparison of helenalin, brusatol, and bruceantin and their 
esters Helenalin-comparison with brusatol, bruceantin, and their 
esters, antileukemic activity 0 Brusatol--comparison with helenalin and 
bruceantin and their esters, antileukemic activity 0 Bruceantin-com- 
parison with helenalin and brusatol and their esters, antileukemic ac- 
tivity 

The naturally occurring sesquikrpene ladones continue 
to provide numerous examples of structures exhibiting 
significant cytotoxic antitumor activity (1). In general, they 
have proven to be potent inhibitors of Walker 256 carci- 
nosarcoma growth in rats and Ehrlich ascites carcinoma 
growth in mice and marginal inhibitors of P-388 lympho- 
cytic leukemia in mice,@). For example, eupaformosanin 
(3), molephantinin (4), phantomolin (5), eupahyssopin (61, 

and helenalin (I) (7) all demonstrated highly significant 
inhibitory activity in the Walker 256 carcinosarcoma 
survival system with a T/C value of Z300% at the low dose 
of 2.5 mghg (T/C >14W0 required for significant activity). 
However, in the P-388 murine lymphocytic leukemia 
screen, an in uiuo test system currently used as a standard 
method by the National Cancer Institute (NCI) for eval- 
uating compounds of natural origin, these compounds 
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Table I-Antineoplastic Activity of Sesquiterpene Lactones and 
Quassinoids against P-388-UNC Lymphocytic Leukemia Cell 
Growth in BDFl Mice 

Dose, .Average Days 
mgbglday Survived of 

Compound ip TIC TIC % 

I 

I1 

111 

IV 

V 

60" .. 

15 
8 
3 

60" 
30 
15 
8 
3 
0.6 
0.3 
0.25 
0.125 
0.100 
1.0 
0.6 
0.3 
0.25 . ~. 

0.125 
0.100 
0.6 

3.019.66 
11.919.66 
15.419.66 
12.919.66 
5.819.66 

16.2/9.66 
25.219.66 
13.819.66 
13.819.66 
14.219.5 
14.319.5 
14.519.5 
15.0/9.5 _. ~ . .  ~ 

12.819.5 
20.219.5 
25.819.5 
20.419.5 
15.519.5 
11.019.5 
11.019.5 
25.2 

31 
123 
162 
134 
60 

168 
261 
143 
143 
149 
150 
153 
158 
134 
213 
272 (197) 
215 
163 
116 
i i 6  
217 

Toxic at this dose. 

failed to give T/C values higher than 147% at the maximm 
dose level of 26 mg/kg/day (1) (T/C >125% required for 
significant activity). 

BACKGROUND 

In this laboratory, previous systematic investigation of the struc- 
ture-activity relationships among the sesquiterpene lactones and related 
compounds indicated the importance of the bifunctional alkylatibg enone 
O=C-C=CH2 system and the ester moiety for enhanced cytotoxic 
antitumor activity (1). For example, the bifunctional alkylating helenalin 
(I), which contains a 8-unsubstituted cyclopentenone and an a-methy- 
lene-y-lactone, is more potent than the corresponding 2,3-dihydrohe- 
lanalin or 11,13-dihydrohelenalin (plenolin) in its in uitro cytotoxicity 
(8) and in uiuo antitumor activity (2). Cytotoxicity is also enhanced by 
introduction of a lipophilic ester side chain to helenalin and related de- 
rivatives (9). 

The importance of the ester group that contributes to the enhanced 
in uiuo antitumor activity is also seen in many other naturally occurring 
antitumor agents including the germacranolides eupaformosanin, 
molephantinin, phantomolin, and eupahyssopin as well as the quassinoid 
bruceantin (lo), the diterpene tax01 (ll), the alkaloids indicine N-oxide 
(121, homoharringtonine (13), vincristine (14), and vinblastine (141, the 
macrolide maytansine (15), and the fungal metabolites anguidin (16), 
actinomycin D (dactinomycin) (17), and mitomycin C (18). The latter 
compounds (19) possess high in uiuo antileukemic activity against the 
P-388 lymphocytic leukemia growth. 
"his evidence, coupled with the fact that polyfunctionality is a common 

structural feature in many of the described antileukemic agents, led to 
the hypothesis that a polyfunctional alkylating-type compound origi- 
nating from the Combination of bifunctional or monofunctional alkylating 
active species uia an ester linkage might be highly active as an antileu- 
kemic agent. Thus, esters of helenalin, brusatol, and bruceantin were 
synthesized and examined for their antileukemic activity against P-388 
lymphocytic leukemia cell growth. Those results are now reported uti- 
lizing two different strains of P-388 lymphocytic leukemia cells along with 
the effects of these esters on key enzymes of nucleic acid and protein 
synthesis. 

EXPERIMENTAL 

Source of Compounds-Helenalin (I) was isolated from Balduina 
angustifolia by the methods of Lee et al. (20). Treatment of Iwith mal- 
onyl dichloride in dry benzene by the general method gave rise to crys- 

The UV, IR, and NMR spectra data of 11, IV, V, VII, and VIII were in accord 
with assigned structure. 

I 

II 

OH 

0 

HO 

,CH3 
III: R = COCH = C 

'CH, 

OH 

\ 

IV: n = 1, cwcHzim\ ,CH3 

R = COCH = C. 

OH 

0 

'0 

AX, 

18' 19- CH3 

R = COCH = CHcH\ 

CH, 

talline bis(helenalinyl)malona$l [11, C~Hs010,  mp 217-218O], resulting 
in a molecule with four alkylating centers. Brusatol(II1) w& obtained 
by treating bruceoside A, a quassinoid glycoside isolated from Brucea 
jauanica, with 3 N HzSO_-rnethanol (1:l) to hydrolyze the glycosidic 
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Table 11-Antineoplastic Activity of Sesquiterpene Lactones and Quassinoids against P-388-UNC and P-388-NIH Lymphocytic 
Leukemia Cell Growth 

Compound 
Dose, 

mg/kg/day ip 
P-388-UNC, T/C % 

CDF BDFl 
P-388-NIH, T/C 90 

CDF BDFl 

I 

I1 

111 

IV 
V 

VI 

15 
8 
3 

15 
8 
3 
1.0 
0.6 
0.6 
0.6 
1.0 

123 
168 
134 

145 
143 

- 

152 (toxic) 
149 
188 
168 
168 

- 

158 

168 
- 

- 

234 
152 
197 
207 
258 

134 
154 
138 
toxic 
129 
138 
162 (toxic) 
152 
125 
133 
162 

- 
162 
152 
toxic 
145 
130 
176 
156 
135 
161 
176 

- - - 0.6 146 
VIP 1.2 - 111 

0.6 138 139 125 139 
0.3 - 109 

VIII 1.2 - 164 - 168 
0.6 132 153 144 151 
0.3 - 150 

5-Fluorouracil 12.5 162 166 186 209 

- - 

- - 

- - 

0 P-388-NIH contractors: 163 (3.0), 165 (1.5), 146 (0.75), and 128 (0.38). 

Table 111-Zn Vitro Effects (Percent of Control) of Sesquiterpene Lactones and Quassinoids on P-388-UNC and P-388-NIH 
Lymphocytic Leukemia Cell Metabolism 

~~~ ~ ~~ 

P-388-UNC P-388-NIH 
Compounds DNA RNA Protein DNA RNA Protein 

I, 20 pmoles 15 f 2" 85 f 3O 68 f 9" 10 f 5" 84 f 6" 79 f 3" 
II,20 pmoles 38 f 3" 55 f 40 50 f 4" 38 f 4" 52 f 5" 75 f lo* 

111, 10 pmoles 48 f 4" 44 f 2" 45 f 3" 47 f 4a 71 f 5" 80 f 6b 
IV, 10 pmoles 54 f 7" 52 f 5" 17 f 13" 46 f 5a 90 f 7" 65 f 5" 
V, 10 pmoles 36 f 4" 41 f 6" 26 f 4" 41 f 3" 71 f 5" 75 f 30 

VI, 10 &moles 38 f 2a 47 f 6a 58 f 3" 35 f 3Q 71 f 3" 85 f 26 
VII, 10 pmoles 45 f 8" 66 f 3" 60 f 3" 43 f 4" 67 f 4" 75 f 4" 

VIII, 10 pmoles 52 f 4" 78 f 4" 68 f 3" 52 f 5" 74 f 6" 77 f 2" 
0.05% Polysorbate 80 (control) 100 f 6 100 f 5 100 f 4 100 f 7 100 f 5 100 f 8 

- 61 f 4" 
- 62 f 4" 

Value dpm/W cells (n = 6) 36,777 38,615 76,518 39,564 45,309 79,103 

linkage (21-23). Bruceantin (VI) was also synthesized from bruceoside 
A (24-25). 

Brusatol(II1) (22-24) and bruceantin (VI) were treated similarly with 
malonyl dichloride and succinyl chloride in dry pyridine to yield, after 
purification of the reaction products by preparative TLC, the corre- 
sponding bis(brusato1yl)malonate' [IV, C55H64024-H200, mp 191-193'1, 
bis(brusatolyl)succinatel [V, C56H666024, mp 248-250°], bis(brucean- 
tiny1)malonate' [VII, C59H72024, mp 193-195'1, and bis(bruceantiny1)- 
succinatel [VIII, C60H74024, mp 250' dec.I2. 

Biological-P-388 Lymphocyttc Leukemia Antitumor Screen-The 
P-388 lymphocytic leukemia-UNC tumor line was originallv obtained 

Emetine, 50 pmoles - - 60 f 3" - 
Pyrocatechol violet, 50 pmoles - - 60 f 5" - 

a p 2 0.001. p 0.005. 

for 90 min at  37' (28). Compounds I and I1 were tested a t  a final con- 
centration of 20 pmoles, and 111-VIII were tested at  a 10-pmole concen- 
tration. 

The thymidine incorporation into DNA assays were terminated with 
0.5 N perchloric acid containing 1% pyrophosphate. Radiolabeled DNA 
was collected on glass fiber paper (GF/F) by vacuum suction. RNA and 
protein incorporation studies were terminated with trichloroacetic acid, 
and the acid-insoluble macromolecule was collected on nitrocellulose 
membrane filters. The filter papers were placed in scintillation vials and 
counted in a toluene-octoxynol scintillation fluid (29). 

. -  

from Mason Research Institute through NCI and has geen maintained 
in this laboratory in DBA/2 male donor mice for -2 years. The P-388 

RESULTS AND DISCUSSION 

lymphocytic leukemia-NIH was obtained in April 1980 from the same 
source. The eight test compounds with the standard 5-fluorouracil were 
administered to both the P-388-UNC and P-388-NIH strains as follows. 
BDFl or CDF male mice (-20 g) were administered lo6 P-388 lympho- 
cytic leukemia cells intraperitoneally on Day 0 (26). Test compounds were 
homogenized in 0.05% polysorbate 80-water and administered intra- 

Initially, the antileukemic activity was determined in the P-388-UNC 
lymphocytic leukemia screen. The T/C % value for I1 at 15 mg/kg/day 
was exceedingly high, e.g., T/C % = 261 in BDFl male mice. The quassi- 
noid esters of I11 were then examined and, as can be seen in Table I, IV 
a t  0.6 mg/kg resulted in T/C % values of 272 and 197 and V resulted in 
a T/C % value of 217 in BDFl male mice. 

peritoneally daily. 
K B  Tissue Cytotonic Assay-KB (human epidermoid carcinoma of 

the mouth) cells were maintained in minimum essential medium and 10% 
fetal calf serum containing the antibiotics penicillin and streptomycin 
(26). The method of Huang et al. (27) was utilized for the cytotoxic assay 
in microtest tissue culture plates. 

P-388 Lymphocytic Leukemia Cell Metabolism-BDF1 male mice 
(-22 g) were innoculated with lo6 P-388 tumor cells as previously de- 
scribed. On day 9, the cells were collected from the peritoneal cavity. In 
uitro incorporation studies were conducted using l@ P-388-UNC or 
P-388-NIH cells, minimum essential medium, and 1 pCi of thymidine 
(6-3H, 21.8 Ci/mmole), uridine (6-3H, 22.4 Ci/mmole), or L-leucine 
[4,5-3H(N) 56.5 Ci/mmole] in a total volume of 1 ml, which was incubated 

Compounds I-V followed a dose-response curve against P-388-UNC 
lymphocytic leukemia growth in BDFL mice. The EDw for helenalin (I) 
in the KB cytotoxic assay was 0.188 compared to the literature value (28) 
of 0.19 pglml. Bis(helenaliny1)malonate (11) afforded an ED50 of 0.08 
pg/ml. The ED50 values for the quassinoids were also impressive, with 
111, IV, VI, and VIII equal to 0.31,0.025,0.056, and 0.275 pg/ml, respec- 
tively. 

In an attempt to confirm these unexpected high results, 11, IV, and V 
were submitted to NCI for retesting and evaluation. The two contract 
screening agencies used by NCI were unable to obtain results >12 mg/kg 
in CDF mice for I and 11; but a t  3 and 0.39 mg/kg, T/C % values of 1303 
and 1204, respectively, were obtained. Compound IV was also submitted 
to the same two contract screeners3, whose studies resulted in T/C % 

* Unpublished results. Southern Research. 
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values of 131, 135, and 131 at  3,1.5, and 0.75 mg/kg, respectively. The 
second contract screener4 found 11,111, and IV totally inactive in their 
P-388 lymphocytic leukemia screen in CDF mice. 

Since these results were somewhat baffling, a new sample of P-388 
lymphocytic leukemia cells, noted as P-388-NIH, was obtained5. The 
compounds were retested against P-388-UNC and P-388-NIH leukemia 
growth in CDF and BDFl male mice with dosing from Days 1 to 9. These 
results are shown in Table I1 along with the data for two new compounds, 
i.e., the malonate (VII) and succinate (VIII) ester of bruceantin. Bru- 
ceantin (VI) is a quassinoid in Phase I1 clinical trial. These data confirmed 
previous observation by this laboratory in BDFl male mice using the 
P-388-UNC strain, whereas data for P-388-NIH in CDF mice were 
comparable with the contractor’s results. However, a difference could 
be observed between BDFl and CDF donor mice and the resulting T/C 
%values. Apparently, the BDFl male mice were able to tolerate the higher 
doses of 1-111 and VI, thus affording higher TIC % values than when ad- 
ministered to CDF mice. In fact, in a previous report (29) on DBA/2 male 
mice, testing above 0.5 mg/kg with 111 in the P-388 screen resulted in 
deaths. The inbred hybrid strain of mice may be a critical factor since 
mice used for the study in Table I were bred in this laboratory (C57B1/6 
female X DBA/2j male), whereas those used in Table I1 were obtained 
commerciallf. When VII was tested3 at  3,1.5,0.75, and 0.38 mg/kg, T/C 
%values of 163,165,146, and 128, respectively, were obtained, which were 
within the scope of data presented in Table 11. 

The two sets of conflicting data pose the question of whether P-388- 
UNC is a different strain of P-388 lymphocytic leukemia cells resulting 
from some alteration or mutation. Thus, since the sesquiterpene lactones 
and quassinoids were known to affect nucleic acid and protein synthesis 
in tumor cells, these parameters were examined in the P-388-UNC and 
P-388-NIH strains of cells from BDFl mice. 

Table I11 indicates that in uitro DNA synthesis was affected ap- 
proximately the same degree by I and I1 in the two strains of P-388 cells. 
RNA synthesis was inhibited by I and 11 equally in the P-388-UNC and 
P-388-NIH cells. Protein synthesis, however, was inhibited at a much 
higher rate in the P-388-UNC strain than the P-388-NIH strain (e.g., 
compare I1 at 50 and 25% inhibition, respectively). Examination of 11-VIII 
showed that the degree of inhibition of DNA synthesis was of the same 
magnitude in both strains of P-388 cells for a given compound. The RNA 
synthesis inhibition by 111-VI was much higher in the P-388-UNC strain 
compared to the P-388-NIH strain, resulting in -24-38% higher inhibi- 
tion of RNA synthesis, with IV demonstrating the largest difference (i.e., 
48% in the P-388-UNC strain and 10% in the P-388-NIH strain). 

Protein synthesis inhibition was also decidedly different between the 
two different strains for 111-VI. Compound I11 afforded a 20% inhibition 
in the P-388-NIH and a 55% inhibition in the P-388-UNC strain. Com- 
pound IV demonstrated a difference of 35% compared to 83% inhibition, 
V showed a difference of 25% compared to 721, and VI showed a differ- 
ence of 15% compared to 42% in the respective strains. Compounds VI 
and VIII demonstrated approximately the same T/C % values in the two 
strains of P-388 cells, and the effects of the two compounds on RNA and 
protein synthesis was comparable in the two strains of cells. The standard 
emetine and pyrocatechol violet a t  5 pmoles demonstrated the same 
degrees of protein inhibition in the two strains of P-388 cells. 

These studies indicate that the P-388-UNC and P-388-NIH strains 
of P-388 lymphocytic leukemia cells are different in their metabolic re- 
sponse to certain chemical agents and the difference may be responsible 
for diverse values obtained in the antineoplastic screen. The P-388-UNC 
strain appears to be particularly sensitive to sesquiterpene lactone and 
quassinoid-type structure but less sensitive to 5-fluorouracil. Further- 
more, the strain of mice used may be critical for the T/C % values ob- 
tained, depending on the tolerance of the mice to the particular toxic 
effects of the chemical agent. 
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