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Tumor Inhibitors VI 

Cissampareine, New Cytotoxic Alkaloid from Cissampelos pareim. 
Cytotoxicity of Bisbenzylisoquinoline Alkaloids 

By S. MORRIS KUPCHAN, A. C. PATEL, and EIICHI FUJITA 
A preliminary study of Cissampelospareira Linn. from Peru yielded a new alkaloid, 
cissampareme. Evidence is presented for assignment to cissam areine of the em- 
pirical formula, CarHaiNzOs. Cissampareine and four other bisgenzylisoquinoline 
alkaloids isolated from menispermaceous plants were found to show significant 
and reproducible inhibitory activity against human carcinoma of the nasopharynx 

carried in cell culture (KB). 

ISSAMPELOS PAREIRA Linn. is a climbing C shrub distributed throughout warm parts of 
Asia, East Africa, and America. The roots are 
reported to have found use as a diuretic, febrifuge, 
remedy for heart trouble, and against dysentery 
and sores (1). 

In 1840, Wiggers (2) isolated an amorphous 
alkaloid from the roots of a South American 
C. pareirn sample, and the name pelosine was 
assigned to the alkaloid. Scholtz (3, 4) showed 
that pelosine is identical to I-curine (I). Bhat- 
tacharji et al. reported in 1956 (5 )  that C. pareira 
Linn. from Kashinir yielded two new alkaloids, 
hayatine and hayatinine, and that the same 
species from Pilibhit yielded hayatine and 1- 
curine but no hayatinine. The methiodide of 
hayatine was shown to possess powerful neuro- 
muscular blocking activity comparable to that 
of d-tubocurarine chloride (6, 7). Structural 
studies of hayatine (8) and hayatinine (9) 
indicate that both are alkaloids of the bisbenzyl- 
isoquinaline type. 

DISCUSSION 

AII earlier study led to isolatiori from the roots 
and vines of C. pareira Linn. from Madras, India, 
of I-curine (I),' d-isochondrodendrine (II),l and 

Received November 7, 1964, from the Department of 
Pharmaceutical Chemistry, School of Pharmacy, University 
of Wisconsin, Madison. 

Accepted for publication December 9, 1964, 
This investigation was supported in part by grants HE- 

02952 and CA-04500 from the National Institutes of Health, 
U. S. Public Health Service, Bethesda, Md. * Absolute configurations indicated for I-IV are those as- 
signed by Tomita, M., and Kunimoto, J., J. Pharm. ,506. 
Jagan, 82.734, 741(1962). 

hayatine ( 10). Preliminary pharmacological evalua- 
tion of the methanol-extractable alkaloids, of the 
methiodide prepared from the latter mixture, and 

T 
1 

of the quaternary alkaloids, showed that all had 
curarelike activity (10). 

The present report describes a preliminary 
study of the alkaloids of a sample of C. pareira 
Linn. from Department Huanuco, Peru,z and the 
isolation and characterization of cissampareine, a 
new cytotoxic alkaloid. Coarsely ground whole 
plant was extracted successively with petroleum 
ether, methanol, and 1.5% hydrochloric acid solu- 
tion. Each extract was processed for alkaloid 
-___ 

ZThe plant sample (whole plant) was procured by the 
Ciba Pharmaceutical Co. Summit N. J. (acquisition number 
C-974), and identified by'the late Professor Robert E. Wood- 
son Jr. Department of Botany Washington University St. 
Lo&, M o .  The authors thank Dr. E. Schlittler and'Dr. 
H. B. MacPhillamy for the plant material. 



VoE. 54, No. 4, April 1965 

I 
Alkaline 

I 
CHCls ext. 

soh. A 

581 

NH4OH + Evapn. d. HCl 
CHCls 

C. pareira Linn. (1.35 Kg.) I Pet. ether extn. 

1 1 
4 

Pet. ether ext. 
I 

Defatted plant 
I 

IEvapn. /MeOH extn. 

Residue 

d. HC1 + 
CHCL 

Acid soln. 
NH40H + 

I (CHC4 I 

I 
Marc 

I 
MeOH ext. 

evapn. 1.5% EtaN-MeOH 
extn. I 

Residue 
Id. HCl 
I I I 

Acid soin. Ext. Marc 

I 
CHCls ext. 

I 
Fraction A 
(0.89 Gm.) 

Id. HCl 

Acid soh. 

I 

I 
A1 kaline 
soh. B 

1 
CHC1i ext. 
Fraction B 
(29.0 em.)  

I 
Final c Acid Alkaline 

soln. B1 soh. marc 

I I 

Acid soh. 
I 

I I 
CHCL ext. Alkaline soh. C 

Evapn. 

Fraction C 
(3.22 Gm.) 

Fig. 1.-Flow sheet for separation of alkaloids of C. pareira Linn. 

content by the procedure summarized in Fig. 1, 
whereby a 2.5% yield of crude alkaloids was ob- 
tained. The principal fraction ( B )  was purified by 
reprecipitation from dilute acid solution with am- 
monium hydroxide solution and extraction into 
ether. The residue from the ethereal extract was 
crystallized from benzene to yield the principal 
alkaloid (1.2%). Recrystallization from acetone 
gave colorless rods, m.p. 239-240' dec., 
[aJY -111' (chloroform), and ultraviolet, infrared, 
and NMR spectral characteristics which indicated 
that the material is a new alkaloid of the bisbenzyl- 
isoquinoline type. The name cissampareine, re- 
flecting the botanical origin, is proposed for the 
alkaloid. 

The molecular formula, CavHasNzOo, was assigned 
for cissampareine on the basis of elemental analysis 
and molecular weight determination by mass 
spectr0metry.a Analysis showed the presence of 
three 0-methyl groups and one N-methyl group. 
The NMR spectrum in deuterated chloroform sup- 
ports the formula, showing nine 0-methyl protons 
and three N-methyl protons. The infrared spectrum 
indicates the presence of aromatic rings and aro- 
matic 0-methyl groups, a free hydroxyl group, and 
a double bond. 

8 The authors thank Professor K. Biemann and Dr. B. C. 
Das, Massachusetts Institute of Technology, for the mass 
spectral data. 

Two derivatives were prepared to seek confirma- 
tion of the empirical formula and to yield informa- 
tion useful in characterizing functional groups. 
Although cissampareine was found to be sparingly 
soluble in 5% sodium hydroxide solution, its 
infrared absorption spectrum showed a band a t  
2.88 p, indicative of the presence of a free phenolic 
hydroxyl group. Methylation with diazomethane 
yielded 0-methylcissampareine, m.p. 192-194', 
which showed no hydroxyl absorption in the in- 
frared. Analysis afforded results which support a 
Cs~HaNz06 formula, with four 0-methyl groups. 
Reduction of cissampareine with sodium boro- 
hydride afforded dihydrocissampareine, Ca&oN&, 
m.p. 208-212', which showed ultraviolet absorption 
characteristic of bisbenzylisoquinoline alkaloids of 
the isochondrodendrine series (10, 11) and greatly 
diminished absorption a t  6.22 p in the infrared. 
The sensitivity of cissampareine toward reduction 
with sodium borohydride is suggestive of the pres- 
ence of a C=N double bond, perhaps in a 3,4- 
dihydroisoquinoline environment (cf. Reference 12). 

Cissampareine was evaluated for activity against 
human carcinoma of the nasopharynx carried in 
cell culture (KB) and was found to have significant 
and reproducible inhibitory activity. To evaluate 
the potential generality of this activity among 
alkaloids of the bisbenzylisoquinoline group, 1- 
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curine (I), d-isochondrodendrine (11). fangchinoline 
(111)' (13, 14), and d-tetrandrine (IV)' (13, 14) 
also were tested, and alf four alkaloids showed re- 
producible activity against KB. The evaluation 
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the end of 2 days. When the extraction was stopped 
after 6 days, the extract returning to the pot yielded 
a residue which did not qive a positive test with 
Mayer's reagent. The methanol extract was con- 
centrated under reduced pressure to give a semisolid 
residue, which was triturated with 2.5y0 hydro- 
chloric acid. The acid extract was washed with 
ether, made alkaline with ammonium hydroxide 
solution, and repeatedly extracted with chloroform 
(10 L.). The chloroform extract was concentrated 
under reduced pressure (to about 500 ml.) and ex- 
tracted with 2.5% hydrochloric acid solution. 
The acid extract was made alkaline with ammonium 
hydroxide and extracted with chloroform. The 
chloroform extract was dried over anhydrous 
sodium sulfate and evaporated to  dryness under 
reduced pressure to  yield a crude solid alkaloidal 
residue (fraction B, 29.0 Gm.). 

The marc remaining after methanol extraction 
was extracted continuously with 1.5% triethylamine 
in methanol for 4 days. The marc remaining after 
the latter extraction was percolated with 1.5% 
hydrochloric acid solution. The triethylamine- 
methanol extract was evaporated to dryness under 
reduced pressure, and the residue was triturated 
with the dilute hydrochloric acid extract of the marc. 
The acid extract was washed with chloroform, made 
alkaline with ammonium hydroxide, and repeatedly 
extracted with chloroform. The chloroform solu- 
tion was dried over anhydrous sodium sulfate and 
evaporated to  dryness under reduced pressure to 
give a brownish-black residue (fraction C, 3.22 Gm.). 

The alkalipe aqueous layers ( A ,  B, B', and C )  
were combined, acidified with dilute hydrochloric 
acid (to pY 3), and treated with a saturated 
Reinecke salt solution to  yield 26.4 Gm. of rei- 
neckate salts of the quaternary alkaloids. 

OCHI CHJO 

CHsN A C H a  ".H 

111, R = H 
IV, R = CHa 

of the KB assay results by the Cancer Chemotherapy 
National Service Center in sequential testing is such 
that a purified compound is considered active if the 
average ED60 of two tests S 4 mcg./ml. and if 
this result is reproducible when repeated by a 
second screener (15). In the event that a compound 
has an EDw of <1 in the first test, the second 
sequential test is omitted, and it is submitted directly 
to a second screener for confirmation. In 
assays performed by the CCNSC, the following 
results were obtained: cissampareine, EDw 1.1. 
2.5, and 3.8 mcg./ml.; 1-curine (I), EDm 0.14 and 
2.9 mcg./ml. ; d-isochondrodendrine (11), EDa 
0.17 and 2.6 mcg./ml.; fangchinoline (111), EDm 
0.12 and 0.93 mcg./ml.; d-tetrandrine (IV), EDm 
0.091 and 0.17 mcg./ml. The cytotoxicity of the 
aforementioned alkaloids is sufficiently high to 
warrant scheduling the compounds for testing in a 
variety of in vivo tumor systems. 

EXPERIMENTAL 

Melting points have been corrected for stem ex- 
posure. Values of [LY]D have been approximated to 
the nearest degree. Infrared spectra were deter- 
mined on a Beckman IR-5A infrared spectrophotom- 
eter. Ultraviolet spectra were determined in metha- 
nol on a Cary l l M S  recording spectrophotometer. 

Extraction of Alkaloids from C. &zreiru 
Separation into Main Fractions.-Coarsely 

ground C. pareira Linn. (whole plant 1.35 Kg., 
from Department Huanuco, Peru) was extracted 
continuously for 60 hr. with petroleum ether (b.p. 
60-80', 6 L.) in a Soxhlet-type extractor. The 
solvent was evaporated under reduced pressure to  
give a semisolid residue (60 Gm.), which was dis- 
solved in chloroform (150 ml.). The chloroform 
solution was extracted with 2.5% hydrochloric 
acid (four 50-ml. portions). The combined acid 
extract was washed with ether and made alkaline 
with ammonium hydroxide (to pH 10). The pre- 
cipitated base was extracted with chloroform (2  L.), 
and the extract was concentrated t o  about 300 ml. 
The extraction with acid and reconversion to  free 
base was repeated. The chloroform extract was 
dried over anhydrous sodium sulfate and evaporated 
to dryness under reduced pressure to yield a semi- 
solid alkaloidal residue. [Fraction A ,  0.89 Gm. 
(see Fig. l).] 

The dried marc after extraction with petroleum 
ether was extracted continuously with methanol 
(6 L.) for 6 days, with a fresh charge of methanol at 

Isolation of Cissampareine 
Fraction A.-Crystallization of the crude alkaloid 

fraction (0.89 Gm.) from benzene yielded needles 
(70 mg.), m.p. 150-170'. Paper chromatographic4 
and infrared spectral examination indicated this 
alkaloid to  be cissampareine (see below). 

Fraction B.-A sample of the crude alkaloid frac- 
tion (2.12 Gm.) was dissolved in 2% sulfuric acid. 
The acid solution was washed with ether, then made 
alkaline with ammonium hydroxide, whereupon a 
yellow precipitate separated. The suspension was 
extracted with ether, and the ether extract was 
washed with 5% sodium hydroxide solution. The 
ethereal solution was washed with water, dried over 
anhydrous sodium sulfate, and evaporated to  dry- 
ness to yield a yellow amorphous residue (1.85 
Gm.). The latter material was shown to be essen- 
tially homogeneous upon paper chromatographic 
examination. Crystallization from benzene yielded 
needles (1.20 Gm.), m.p. 155-156". Two recrystal- 
lizations from acetone afforded colorless rods, 
m.p. 239-240' dec.; [ w r y  -111' (c 1.05, chloro- 
form); Am=. 282 mp (e i0,oOo); Xah 320 (e 4,000); 

4 Paper chromatography was conducted by the descending 
technique employing Whatman No. 4 paper. The procedure 
employed was similar to the one described by Levine and 
Fischbach (18) for the ascending technique. This method 
involves the  us^ of prewetted pH 3.5 buffered paper and the 
detection of a1 aloids by spraying with a chloroform solution 
of bromophenof bluq. The solvent system used was the or- 
ganic layer of a mixture of n-butanol : n-butyl acetate: 
pyridine: water (30:15: 10:50 by volume), prepared by shak- 
ing and allowing to stand at room temperature. 
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mass spectral molecular ion peak, 606. The NMK 
spectrum (CDCla) showed T = 6.08, 6.15,6.25 (9H, 
0-methyl), 8.01 (3H, N-methyl). The infrared 
spectrum showed a band a t  2.88 p ,  indicative of the 
presence of a phenolic hydroxyl group, and a band 
a t  6.22 p, indicative of the presence of a double 
bond. 

And-Calcd. for CalHaN20e: C, 73.24; H, 

Found: C, 72.92; H, 6.26; N, 4.56; (OCHa), 

0-Methy1cissampareie.-Cissampareine ( 1.093 
Gm.) in methanol was treated with an excess of an 
ethereal solution of diazomethane, and the solution 
was allowed to stand a t  room temperature for 48 
hr. The solution was concentrated partially, then 
treated with a second charge of excess diazomethane 
in ether for 24 hr. The solvent was evaporated to 
yield a syrupy residue, shown to be homogeneous 
upon paper chromatography. The residue was 
dissolved in 2% sulfuric acid, washed with ether, 
made alkaline with 5% sodium hydroxide solution, 
and extracted with ether. The ethereal solution 
was dried over anhydrous potassium carbonate and 
evaporated to give a yellowish residue (1.02 Gm.), 
which was crystallized easily from acetone to yield 
colorless rods (0.62 Gm.), m.p. 192-194'; [aly 
-121" (c 1.36, chloroform); Am=. 279 mp (e 13,500). 
The NMR spectrum (CDCla) showed 7 = 6.00, 
6.14, 6.24 (12 H, 0-methyl) and 7.64 (3H, N- 
methyl). The infrared spectrum showed no absorp- 
tion in the 2.7-3.0-p region. 

And-Calcd. for C8sH~~NzOs: C, 73.52; H, 

6.31; N, 4.62; 3(OCHa), 15.33; l(NCHS), 4.77. 

16.16; (NCHa), 4.07. 

6.50; N, 4.51; 4(0CHa), 19.97. 
H, 6.52; N, 4.50; (OCHa), 18.97. 

Found: C, 73.29; 
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Dihydr0cissampareine.-A solution of cissam- 
pareine (35 mg.) in methanol (5 ml.) was treated 
portionwise with sodium borohydride (40 mg.), 
and the mixture was allowed to stand at room tem- 
perature for 3 hrs. Evaporation yielded a colorless 
residue, which was suspended in water and extracted 
with ether. The ethereal solution was dried over 
anhydrous sodium sulfate and evaporated to yield 
a colorless residue. Crystallization from methanol 
afforded colorless prisms (17 mg.), m.p. 208-212'; 
[a]: -157' (c 0.7, chloroform); A,. 274 mp 
(e 3,800), 284 mp ( E  3,400). 

And-Calcd. for Ca~H~N2O6:  C, 73.00; H. 6.62; 
N,4.60. Found: C, 72.62; H,6.94; N,4.83. 
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Inhibition of Acetylcholinesterase by Chelates I1 
By SANFORD BOLTON 

Inhibition of acetylcholinesterase by 1-1 cupric chelates of ethylenediamine and 
glycine has been analyzed and shown to be essentially of a noncompetitive type. 
Inhibition by the 1-1 nickel chelates is weaker than the corresponding cupric 
chelates; but in contrast to the lack of activity of 2-1 cupric chelates, 2-1 nickel 
chelates exert significant inhibition. This suggests that in these chelates the metal 
is binding to the enzyme and that the availability of coordination sites in the metal 
is more important than chelate charge. This fact plus the noncompetitive nature 
of the inhibition suggests that the binding does not occur at the active site of the 
enzyme. Increased inhibition at higher pH in the nickel systems is further evidence 

that the chelate is interacting with an ionizing group, as previously reported. 

N THE FIRST paper of this series it was shown 
that inhibition of acetylcholinesterase by 

cupric chelates of ethylenediamine (en) and gly- 
cine could be attributed to the 1-l1 chelate 
species and, under certain conditions, free cupric 
ion (1). The 2-1 chelate species did not inhibit the 
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1 The 1-1 and 2-1 chelate species refer to (ligand-metal) 
and (ligandrmetal) complexes, respectively. 

enzyme noticeably. This investigation has been 
extended to include nickel chelates of these 
compounds and to elucidate further the nature 
of the cupric chelate inhibition. 

Results of this study show that acetylcholines- 
terase inhibition by nickel chelates of ethylene- 
diamine and glycine at pH's 8.0 and 9.0 can be 
described by simultaneous interaction of both 
1-1 and 2-1 chelate species. A more detailed 
analysis of the 1-1 cupric chelate inhibition in- 
dicates that  the inhibition is essentially non- 
competitive. 


