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Abetract 0 Isocucurbitacin B (I), 3-epi-isocucurbitacin B (II), and cu- 
curbitacin B (111) were identified as the principal cytotoxic constituents 
of Ipomopsis aggregata (Pursh) V. Grant (Polemoniaceae). The structure 
of the new compound, 11, was determined through analysis of its spec- 
trometric characteristics. 

Keyphrases Ipomopsis aggregata (Po1emoniaceae)-isolation and 
identification of cytotoxic constituents Cucurbitacins-cytotoxic 
principles from Ipomopsis aggregata 3-Epi-isocucurbitacin B-novel 
cytotoxic constituent of Ipomopsis aggregata 

hibited significant cytotoxic activity against Eagle's car- 
cinoma of the nasopharynx in cell culture (KB), but no 
activity when tested at a dose range of 1.87-15.0 mghg (ip) 
against the P388 lymphocytic leukemic system in mice2. 
In the present contribution we wish to report the isolation 
of three cytotoxic cucurbitacins from this plant, namely, 
isocucurbitacin B (I), a new compound 3-epi-isocucurbi- 
tacin B (II), and cucurbitacin B (111). 

Ipomopsis aggregata represents a small New World 
genus of herbs in the family Polemoniaceae (1). This 
species is the most wide-ranging member of the genus, 
extending in distribution from British Columbia to 
northwest Mexico (2). In previous phytochemical work, an 
uncharacterized saponin was isolated from an extract of 
the entire plant of I .  aggregata (3), but there appear to 
have been no prior studies to determine the biological ac- 
tivity of extracts and isolates derived from this taxon. 

In a continuing search for tumor inhibitors of plant or- 
igin', we found that a chloroform extract of the combined 
roots, stems, leaves, flowers, and fruits of I .  aggregata ex- 
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1 For the previous article in this series, see Ref. 4. 

EXPERIMENTAL3 

Plant  Material-The combined roots-stems-leaves-flowers-fruits 
of Ipomopsis aggregata (Pursh) V. Grant (Polemoniaceae) were collected 
in Idaho during July 19804. 

K B  Cell Cul ture  Assays-Substances were evaluated for cytotoxic 
activity essentially by the procedure of Geran et al. (5), as described 
previously (6). All assays were performed in duplicate, and the results 
were expressed as the effective dose to inhibit <Wh of the growth observed 
in control tubes which were treated with solvent only. Mithramycin was 
used as a positive cytotoxic control substance (EDm = 0.1 pg/mL). 

Extraction and Fractionation-The air-dried, milled plant material 
(10 kg) was extracted sequentially with petroleum ether (bp 60-80°C) 
and methanol. The methanol extract was concentrated in uacuo to yield 
a residue (1.57 kg), which was partitioned between 3-L portions of chlo- 
roform and water. Cytotoxic activity was found to be concentrated in the 
chloroform fraction (EDm = 0.64 pg/rnL), which was further partitioned 
between petroleum ether (2 L) and methanol-water (9:1,2 L). After re- 
moval of the solvent, the cytotoxic aqueous methanol extract (600 g, EDm 
= 0.30 pg/mL) was chromatographed over silica gels (5 kg), by elution 
with chloroform and mixtures of chloroform-methanol of increasing 
polarity. A total of 22 fractions (2-1, each) were collected. Fractions 9-11, 
eluted from this column with chloroform-methanol (WI), were cytotoxic 
(EDm = 0.27, 0.01, and 0.10 pg/mL, respectively). These combined 
fractions were chromatographed over a Florisi16 column that was eluted 
with chloroform. Fractions eluted with this solvent were combined to 
afford a cytotoxic residue (1.32 g, EDw = 0.05 pg/mL). Final purification 
of the cytotoxic constituents was achieved by preparative TLC on silica 

* Plant extracts and certain fractions were tested under the auspices of the Re- 
search and Development Program of the National Cancer Institute. The remaining 
fractions prepared from this plant, as  well as the isolates that are the subject of this 
paper, were tested a t  our in-house facilities, as described under Experimental A 
compound is considered active in uiuo if it exhibits a prolongation of life >125%, 
and IS regarded as cytotoxic if the EDm is 5 4  pglmL. For in uiuo testing, samples 
were administered intraperitoneally to six male C1)2F1 PD88-infected mice daily 
for a 10-d period. Evaluation was carried out by comparison of survival times with 
control tumor-bearing animal groups. 

Melting points were determined by means of a Koffler hot-plate apparatus and 
are uncorrected. Specific rotations were measured on a Perkin-Elmer 241 polar- 
imeter. The UV spectra were obtained with a Beckman DR-G spectrophotorneter, 
and IR spectra on a Beckman model 118-A spectrophotometer, with polystyrene 
calibration a t  1601 cm-'. 'H-NMR spectra were recorded in CI)CIR with a Varian 
T-60A instrument operating at  60 MHz. equipped with a Nicolet T1'-7 Fourier 
Transform attachment. Tetramethylsilane was used as internal standard, and 
chemical shifts are reported on the 6 (ppm) scale. Low-resolution mam spectra were 
obtained with a Varian MAT 112s double-focusing mass spectrometer, operating 
at 70 eV, and the high-resolution mass spectrum was obtained by peak matching 
us1 an AEI MS-902 instrument. 

I%e plant material was collected and identified by staff of the Economic Rotany 
Laboratory, RARC-Fmt. USDA, Science and Education Administration, Beltsville, 
Md. A voucher specimen re resenting this collection has been deposited in the 
Herbarium of the National .&boreturn, Washington. I1.C. 

E. Merck, Darmstadt, W. Germany. 
6 Fisher Scientific Co., Itasca. Ill. 
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gel GHLF7 plates, using cyclohexane-ether-ethyl acetate (1:l:l) and 
chloroform-acetone-methanol (141:2) as solvents. Compounds I (33 mg), 
I1 (31 mg), and I11 (120 mg) were obtained from preparative TLC zones 
found to be cytotoxic, by crystallization from methanol. 

Characterization of Biologically Active Isolates-Isocucurbitacin 
B (I, 33 mg, 0.00033%) crystallized in the form of colorless needles, mp 
22&222"C, [.]DZ5 t38" (c 0.2, CHC13) [lit. (7) mp 22>223.5"C, [ a ] ~  t43" 
(c 1.61, CHCl,)]; IR vmax (KBr): 3550,3450,2950,1720, 1680, 1620,1440, 
1360,1~,1170,1120,1090,1030, and 980 cm-'; UV Amax (MeOH) (log 
c): 232 (4.32) nm; 'H-NMR (60 MHz): 6 0.81 and 0.96 (two s, 6,9-CH3 and 
13-CH3), 1.18 and 1.26 [twos, 6,4-(CH3)2], 1.32 ( s ,  3,14-CH3), 1.41 (s,3, 
20-CH3), 1.54 [s ,  6, 25-(CH3)2], 2.00 ( s ,  3,25-OCOCHs), 3.89 (br s ,  1,3-H), 
4.25 (br s ,  1,20-OH exchangeable with DzO), 4.33 (m, 1,16-H), 5.92 (m, 
1,6-H), 6.42 (d, 1, J = 15.6 Hz, 23-H), and 7.07 ppm (d, 1, J = 15.6 Hz, 
24-H); MS m/z (70 eV) (relative intensity): 498 (M+ -60, 2%), 386 ( l ) ,  
385 (1). 369 ( l ) ,  219 ( l ) ,  203 (2), 164 (4), 137 (31,135 (3), 113 (6), 112 (91, 
111 (8), 109 (8),97 (10),and96(100).ThesedAta(IR,UV,and1H-NMR) 
are in agreement with those previously reported for isocucurbitacin B 
(I) (7, a), although no mass spectral data for this compound appear to 
have been published. Identity was established as isocucurbitacin B by 
direct comparison with an authentic sample8 (MS, co-TLC). 

Isocucurbitacin B (I, 10 mg) was treated with acetic anhydride-pyri- 
dine (1:1, 1 mL) a t  room temperature overnight. Workup in the usual 
manner afforded a triacetate (IV, 8 mg) as colorless needles, mp 120- 
123°C; 1H-NMR (60 MHz): 80.97 and 1.01 (twos,6,9-CH3 and 13-CH3), 
1.18 (s,3,4-CH3), 1.22 ( s ,  6,4-CH3 and 14-CH3), 1.39 ( s ,  3,20-CH3), 1.57 

(s, 3, 3-OCOCH3), 4.25 (br s, 1.20-0H exchangeable with DzO), 4.93 ( s ,  
1,3-H), 5.17 (m, 1,16-H), 5.90 (m, 1,6-H), 6.37 (d, 1, J = 15.6 Hz, 23-H), 
and 7.16 ppm (d, 1, J = 15.6 Hz, 24-H); MS m/z (70 eV) (relative inten- 
sity): 582 (M+ -60,1%), 522 (l) ,  507 (11,487 (2), 427 ( l ) ,  411 (2), 385 (l) ,  
383 ( l ) ,  368 (2). 367 (4), 279 (3), 219 (31,177 (31,166 (8), 150 (3). 135 (4), 
113 (8). 112 (6), 111 (6), 109 (6), 97 ( l l ) ,  and 96 (100). 

3-Epi-isocucurbitacin B (II,31 mg, 0.00031%) was obtained in the form 
of a white powder, mp 92-98"C, [a]DZ6 -28.5" (c 0.2, CHCl3); IR vma. 

980, and 940 cm-'; UV A,, (MeOH) (log c): 229 (4.47) nm; 'H-NMR (60 
MHz): 6 0.85 and 0 . h  (twos, 6,9-CH3 and 13-CH3), 1.07 and 1.25 [two 
8,  6, 4-(CH3)2], 1.31 (s, 3, 14-CH3), 1.41 (6, 3, 20-CH3), 1.55 [s, 6, 25- 
(CH3)2], 2.00 ( s ,  3,25-OCOCH3), 4.11 (s,1,3-H), 4.24 (br s ,  1,20-0H ex- 
changeable with D20). 4.36 (t, 1, J = 7.4 Hz, 16-H), 5.90 (m, 1,6-H), 6.44 
(d, l , J  = 15.6 Hz, 23-H), and 7.06 ppm (d, 1, J = 15.6 Hz, 24-H); MS m/z 
(70 eV) (relative intensity): 498 (M+ -60,2%), 385 ( l ) ,  327 (2), 287 (21, 
286 (7), 285 (3), 271 (41,266 (4), 253 (9), 187 (41,185 (7), 175 (11). 173 (25), 
159 (6), 147 (5), 131 (5), 129 (16), 115 (22), 113 (7), 112 ( l l ) ,  111 (8), 101 
(13), 97 (16). and 96 (100); mass measurement calc. for CmH4206. 
498.2981; observed, 498.2986. 

3-Epi-isocucurbitacin B (I1,lO mg) was acetylated as described for I, 
and the triacetate V (7 mg) obtained after workup was found to exhibit 
the following data: colorless needles, mp 103-107°C; 'H-NMR (60 MHz): 
6 1.05 and 1.10 (twos, 6,9-CH3 and 13-CH3), 1.17 and 1.26 [twos, 6 ,4-  
(CH3)2], 1.30 (s, 3, 14-CHs), 1.41 (s, 3, 20-CH3), 1.58 [s, 6, 25-(CH3)2], 1.86 
(s, 3,16-OCOCH3), 2.03 (s, 3,25-OCOCH3), 2.18 (s, 3,3-OCOCH3), 4.26 
(br s, 1.20-0H exchangeable with DzO), 5.13 ( s ,  1,3-H), 5.19 (m, 1,16-H), 
5.85 (m, 1,6-H), 6.38 (d, 1, J = 15.5 Hz, 23-H), and 7.16 ppm (d, 1, J = 
15.5 Hz, 24-H); MS m/z (70 eV) (relative intensity): 582 (M+ -60, l%), 
522 (l), 487 (4), 427 (4), 411 (9), 385 (3), 367 (6), 325 (4), 219 (4), 189 (51, 
187 (7), 177 (6), 171 (5), 161 (4), 159 (71,137 (5), 135 (9), 133 (6), 121 (5), 
113 (14), 112 (41), 111 (30), 109 (91,105 (9), 97 (19), and 96 (100). 

Cucurbitacin B (111,120 mg, 0.0012%) was obtained in the form of a 
white powder, mp 160-162OC, +44" (c 0.1, CHC13) [lit. (7) mp 
184186OC, crystallized from EtOH; [(Y]DZ5 t87" (EtOH)]; IR u,, (KBr): 
3550,3400,2950,1720,1680,1620,1450,1360,1230,1120,1050,1020, and 
980 cm"; U V  A,,, (MeOH) (log 6 ) :  229 (4.47) nm; 'H-NMR (60 MHz): 
6 0.97 and 1.07 (two s ,  6,9-CH3 and 13-CH3), 1.25 and 1.29 [two s ,  6,4- 

( s ,  3, 25-OCOCHa), 4.25 (t, 1, J = 7.4 Hz, 16-H), 4.28 (br s, 1,20-0H ex- 
changeable with DzO), 4.43 (dd, 1, J = 12.8 and 5.7 Hz, 2-H), 5.76 (m, 1, 
6-H), 6.49 (d, 1, J = 15.6 Hz, 23-H), and 7.08 ppm (d, 1, J = 15.6 Hz, 
24-H); MS m/z  (70 eV) (relative intensity): 498 (M+ -60,4%), 480 (I), 
385 ( l ) ,  299 ( l ) ,  285 ( l ) ,  219 ( l ) ,  203 (11,187 (2), 175 (31,173 (31,133 (3), 
121 (3), 115 (3), 113 (4), 112 (8), 111 (7). 109 (5), 105 (4), 97 ( l l ) ,  and 96 
(100). The above spectral data are consistent with those published pre- 

[s, 6, 25-(CH3)2], 1.85 (s, 3, 16-OCOCH3), 2.01 (9, 3, 25-OCOCH3), 2.17 

(CHC13): 3450,2960,2920,1720,1690,1630,1450,1360,12~50,1130,1090, 

(CH3)2], 1.34 (s, 3, 14-CH3), 1.43 (s, 3, 2O-CH3), 1.56 [s, 6,25-(CH3)2], 2.01 

7 Analtech, Inc., Newark, Ilel. * Authentic samples of isocucurbitacin B and cucurbitacin H were generously 
provided by Professor J. M. Cassady, Purdue University. 

viously for cucurbitacin B (7-15). Identity as cucurbitacin B was estab- 
lished by direct comparison with an authentic sample* (MS, co-TLC). 

Cucurbitacin B (III,15 mg) was acetylated as described for I, and the 
triacetate VI (9 mg) obtained after workup was found to exhibit the fol- 
lowing data: colorless needles, mp 114-117°C; 'H-NMR (60 MHz): 6 1.03 
and 1.10 (twos', 6,9-CH3and 13-CHs), 1.32 [ s ,  9,4-(CH3)2 and 14-CH31, 

3,25-OCOCH?), 2.13 (s,3, L-OCOCHB), 4.27 (br s ,  1,20-0H exchangeable 
with DzO), 5.2b (t, 1, J = 7.3 Hz, 16-H), 5.48 (dd, 1, J = 13.4 and 5.7 Hz, 
2-H), 5.77 (m, 1,6-H), 6.42 (d, l , J  = 15.6 Hz, 23-H), and 7.18 ppm (d, 1, 
J = 15.6 Hz, 24-H); MS m/z  (70 eV) (relative intensity): 582 (M+ -60, 
1%). 522 ( l ) ,  487 (4), 427 (5), 411 (4), 385 (1). 367 (5), 325 (4), 219 (3), 189 
(61,187 (6), 177 (61,159 (5). 137 (5), 111 (12), 109 (9), 107 (6), 105 (7), 97 
(19), and 96 (100). 

Biological Activity of t he  Isolates-Isocucurbitacin B (I, NSC- 
106400), 3-epi-isocucurbitacin B (11, NSC-359240), and cucurbitacin B 
(111, NSC-049451) exhibited ED% values of 0.016,0.050, and 0.032 jig/mL, 
respectively, in the KB cell culture system. 

DISCUSSION 

1.42 (s, 3, ~O-CHS), 1.58 Is, 6,25-(CH3)2], 1.87 (s, 3,16-OCOCH3), 2.03 (s, 

The known tetracyclic triterpenes isocucurbitacin B (I) and cucurbi- 
tacin B (111) were isolated and identified in the present study from a cy- 
totoxic fraction of I. aggregata whole flowering plants. The molecular 
ions of both compounds were characteristically absent from their elec- 
tron-impact mass spectra (10). so that the highest fragment peaks ob- 
served occurred a t  m/z 498, representing in each case a loss of one acetate 
unit from the parent ion. In its lH-NMR spectrum, I was typified by the 
presence of a singlet assignable for the C-3 methine proton a t  6 3.89, 
which, since it was shifted downfield in isocucurbitacin B diacetate (IV) 
to 6 4.93, suggested the presence of a 2-keto-3-hydroxy ring A moiety in 
I (8.15). Isdcucurbitacin B (I) is a relatively rare compound, previously 
being reported only from three species of two Cucurbitaceae genera (9). 
Cucurbitacin B (111), on the other hand, appears to be the most widely 
distrjbuted cucurbitacin known, since i t  occurs in more than 15 genera 
of the Cucurbitaceae, and in species of the Begoniaceae, Cruciferae, and 
Euphorbiaceae (9, 12, 16, 17). Cucurbitacins have not previously been 
reported from the family Polemoniaceae. 

The spectrometric parameters (IR, UV, 'H-NMR, and MS) of I1 were 
very similar to those observed for isocucurbitacin B (I). Thus, comparable 
with I, no molecular ion was evident in the mass spectrum of 11, with the 
highest observable fragment peak occurring a t  m/z  498, of elemental 
composition C30H42O6, as determined by high-resolution MS. In its 
'H-NMR spectrum, signals indicating the presence of eight quaternary 
attached C-methyl groups, one acetate methyl group, two methine pro- 
tons on carbons bearing hydroxyl groups, and three olefinic protons were 
observed. Following mild acetylation, triacetate V was produced from 
11, for which paramagnetic C-3 and C-16 methine proton shifts occurred 
from 6 4.11 and 4.36, respectively, in 11, to 6 5.13 and 5.19 in V. By analogy 
to conclusions reached on the basis of almost identical C-3 'H-NMR 
assignments made for isocucurbitacin D (the C-25 deacetyl derivative 
of 1) and 3-epi-isocucurbitacin D (7), I1 could therefore be assigned a 
2-keto-3-hydroxy ring A moiety, and is the C-3 epimer of I. 

The role of cucurbitacin B (111) in nature has been partially charac- 
terized. For example, 111 has been shown to stimulate feeding by the 
spotted cucumber (18) and diabroctic beetles (19). Further, it acts as an 
antigibberellin (20). In regard to antitumor activity, both isocucurbitacin 
B (I) and cucurbitacin B (111) have been shown in earlier work to dem- 
onstrate significant inhibitory activity against cultured KB cells (7,12, 
21.22). We presently extend these results through the demonstration of 
the cytotoxic activity of 11. Previous studies have also shown I11 to be 
active in oiuo against the Walker 256 (im) carcinosarcoma and Lewis lung 
carcinoma in rats (7). The therapeutic index, however, appears too low 
for use as a clinical agent (7), and it is likely that the same would be found 
for I and 11. An additional biological activity demonstrated by 111, how- 
ever, which may be worthy of additional investigation, is the prevention 
of experimentally induced hepatitis and cirrhosis (23). 

Interestingly, it has been observed previously that cucurbitacin D, a 
constituent of Phormium tenax Forst. (Liliaceae) is degraded to isocu- 
curbitacin D and 3-epi-isocucurbitacin D as a result of lengthy passage 
over silica gel during column chromatography (8). Therefore, since 
large-scale gravity column chromatography was employed in this study 
to obtain 1-111 from I aggregata, it is possible that I and I1 are progeny 
of 111 and are not indigenous to this plant. For studies concerned primarily 
with chemotaxonomic relationships, it may be suggested that rapid 
techniques of isolation, preferably avoiding the use of silica gel, should 
be used to obtain cucurbitacins from plants. 
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Abstract Rapid second-derivative assay procedures are described for 
tablet and capsule formulations of benzenoid drugs, which eliminate the 
interference of the formulation excipients in simple UV spectrophoto- 
metric methods. Accuracy, precision, and selectivity of the technique are 
discussed. The general application of the procedures for the batch assay 
of tablet and capsule dosage forms containing 2 2  mg of a benzenoid drug 
is indicated by the results obtained for 18 such formulations, in good 
agreement with pharmacopeial assay results and/or declared amounts. 
The procedures are sufficiently sensitive to permit unit dose assays of 
these formulations. 

Keyphrases Benzenoid drugs-tablet and capsule formulations, 
second-derivative UV spectrometry Formulations-benzenoid drugs, 
second-derivative UV spectrometry, tablets and capsules 0 UV spec- 
trometry, second-derivative-benzenoid drugs, tablet and capsule for- 
mulations 

The interference of formulation excipients in the con- 
ventional ultraviolet (UV) spectrophotometric procedures 
for certain formulated drugs is well recognized. I t  is a 
particular problem in the assay of tablets and capsules of 

benzenoid drugs, which, in general, are both weakly ab- 
sorbing and also formulated at  a relatively low dosage level 
(typically 1-50 mghnit dose). The high excipient-drug 
ratio and high sample weight required for these formula- 
tions result in background-irrelevant absorption of a suf- 
ficiently high intensity to possibly prohibit the application 
of simple spectrophotometric methods. 

Techniques that reduce or eliminate matrix interference 
in the assay of formulated drugs include the Morton- 
Stubbs (1) correction procedure, which requires that the 
irrelevant absorption is linear over the wavelength range 
of the absorption band of the drug; orthogonal polynomi- 
als, which can cope with nonlinear irrelevant absorption 
if the correct choice of the polynomial order, wavelength 
range, and interval is made (2,3); compensation spectro- 
photometry, in which the reference solution contains the 
matrix or sample at  the same concentration present in the 
sample solution (4,5); and difference spectrophotometry, 
which may be applied if an absorbance difference can be 
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