
Tumor Inhibitors XXI 

Active Principles of Acer negundo and Cyclamen persicurn 

By S. MORRIS KUPCHAN, RICHARD J. HEMINGWAY, JOHN R. KNOX, 
STANLEY J. BARBOUTIS, DIETER WERNER, and MAUREEN A. BARBOUTIS 

An alcoholic extract of leaves and stems of Acer negundo L. was found to show sig- 
nificant inhibitory activity against sarcoma 180 in mice. Systematic fractionation 
of the extract led to concentration of the activity and separation of two chroma- 
tographically homogeneous active acidic saponin fractions. One of the latter 
saponin fractions also showed significant inhibitory activity against the Walker 
intramuscular carcinosarcoma 256 tumor in rats. An alcoholic extract of the tubers 
of Cyclamen persicurn Mill. was found to show significant inhibitory activity when 
tested in vitro against cells derived from human carcinoma of the nasopharynx (KB). 
Systematic fractionation led to separation of a chromatographically homogeneous 
saponin fraction with significant inhibitory activity against the Walker 2 5 6  tumor 
in rats. Preliminary characterization of  the active saponin fractions is described. 

N THE COURSE of the continuing search for tumor I inhibitors from plant sources, an alcoholic ex- 
tract of Acer negundo L.’ (Aceraceae) was found 
to show significant inhibitory activity against 
sarcoma 180 in mice,2 and an alcoholic extract of 
Cyclamen persicurn (Primulaceae) was 
found to show significant cytotoxic activity when 
tested in vitro against cells derived from human 
carcinoma of the nasopharynx (KB).* The 
present report describes the systematic fractiona- 
tion and the isolation and preliminary chemical 
characterization of growth-inhibitory saponin 
fractions from each extract. The observations 
confirm and extend earlier reports of the tumor-in- 
hibitory (1, 2) and cytotoxic (3) activity of sap- 
onins. 

The fractionation of the alcoholic extract of 
Acer negundo is summarized in Schemes I and 11. 
Fraction H material, dissolved in 10% methanol 
in chloroform, was subjected to chromatography 
on adsorbent magnesium silicate,4 and the active 
fractions from this column were further purified 
on silicic acid columns, to yield two one-spot but 
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noncrystalline acidic saponin materials. At- 
tempts to further purify these materials by chro- 
matography and countercurrent distribution 
were unsuccessful. 

The in vivo assay data for fractions obtained in 
a typical experiment are reported in Table I. 
The evaluation of assay results by the CCNSC 
on a statistical basis in sequential testing is such 
that a material is considered active if i t  causes 
reduction of tumor weight to 42% or less2 The 
inhibitory activity of fraction P against the 
Walker carcinosarcoma 256 tumor in rats over a 
wide dosage range is noteworthy. 

The preliminary fractionation of the alcoholic 
extract of Cyclamen persicurn is summarized in 
Scheme 111. Fraction X material dissolved in 
10% methanol in chloroform was subjected to 
chromatography on silicic acid columns, to yield 
a one-spot but noncrystalline saponin material. 
Attempts to further purify this material by chro- 
matography and countercurrent distribution were 
unsuccessful. 

The cytotoxicity data are reported in Table 11. 
Evaluation of the tissue culture assay results by 
the CCNSC is such that a material is considered 
active if the EDSo (dose inhibiting growth to 50% 
of control growth) equals or is less than 4 mcg./ 
m1.2 The Walker 256 assay data for fraction E’ 
are reported in Table 111. It is noteworthy that 
the homogeneous saponin fraction E’ showed 
significant inhibitory activity against the Walker 
256 tumor system in wivo, even though the cyto- 
toxicity against KB cells was not marked; no ex- 
planation is readily apparent. 

EXPERIMENTAL 
Melting points were determined on a Hoover Uni- 

Melt melting point apparatus and were corrected. 
Infrared spectra were determined in chloroform so- 
lution on a Beckman IR5A infrared spectrophotom- 
eter. Specific rotations were measured on a Zeiss- 
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Evapn. 

(6.08 Gm.)-Assay Sample 
700 mg. 

Dissolved in 
Water; Continuously 
Extracted with 
Hot  Ethyl Acetate 
for 24 hr. 

Concentrated Ethanol Extract of 
A.  negundo L. 

A (23.26 Gm.) 
I 

Partition Between 10% 
Aqueous Methanol and 
Petroleum Ether 

Petroleum Ether Methanol Extract 
Divided into Two Portions 

I 
B (3.27 Gm.) Neutral Evabn. of 

Lead Acetate 

C (2.bi; Gm.) 
Precipitate Filtrate 

1 HzS 1 HLJS 

Filtrate PbS Filtrate PbS 

Evapn. 

D (3.39 Gm.) 

Water Extract Ethyl Acetate Extract 

Evapn. Evapn. 

F (3.50 Gm.) G (1.84 Gm.) 

Flow Sheet for  Preliminary Fractionation of Tumor-Inhibitory Extract f ront  A. negundo L .  
Scheme I 

Winkel polarimeter. The petroleum ether used was 
Skellysotve B (b.p. 60-68"). Diatomaceous earth5 
was used for chromatography. 

Extraction and Preliminary Fractionation of A. 
negundo-Coarsely ground leaves and twigs of A .  
negundo (2.8 Kg.) were twice extracted continuously 
with 95% ethanol for 5 hr., and the ethanol extract 
was concentrated under water pump pressure to  a 
thick dark syrup (A, 370 Gm.). A portion of the ex- 
tract (23.26 Gm.) was partitioned between petro- 
leum ether (600 ml.) and 10% aqueous methanol 
(400 ml.); the petroleum ether solution and one 
seventh of the 10% aqueous methanol layer were 
evaporated under reduced pressure (B, 3.27 Gm., 
and C, 2.06 Gm., respectively). The remaining 
10% aqueous methanol layer was treated with a 
methanol solution of neutral lead acetate (25% 
w/v) to complete precipitation. The precipitate 
was removed by centrifuging and washed with a 
little methanol before suspending in methanol and 
bubbling in hydrogen sulfide. The lead sulfide was 
filtered after precipitation had been completed, and 
the filtrate wasconcentrated to dryness under reduced 
pressure (D, 3.39 Gm.). The supernatant liquid 

6 Marketed as Celite 545 by Johns-Manville, New York, 
N. Y. 

from lead acetate precipitation was also treated with 
hydrogen sulfide, fittered, and evaporated (E, 6.08 
Gm.). The material not precipitated by neutral 
lead acetate (after removal of an assay sample) was 
partitioned between water (30 ml.) and ethyl acetate 
(150 ml.) and the aqueous layer continuously ex- 
tracted for 20 hr. with ethyl acetate. The two 
layers were concentrated under reduced pressure 
(F, 3.50 Gm., and G, 1.84 Gm., respectively). 

A larger batch of fraction G (245 Gm.) was pre- 
pared from the crude extract (1450 Gm.) and a por- 
tion (170 Gm.) was dissolved in methanol (1500 ml.) 
and treated with a saturated methanolic solution of 
basic lead acetate to complete precipitation. The 
precipitate was removed by centrifugation and 
washed with a little methanol before suspending in 
methanol (1400 ml.) and bubbling in hydrogen sul- 
fide. The lead sulfide was filtered after precipitation 
had been completed, and the filtrate was evaporated 
(H, 58.53 Gm.). The supernatant liquid from basic 
lead acetate precipitation was also treated with hy- 
drogen sulfide, filtered, and evaporated (I, 69.59 
Gm.). 

Chromatography of Active Fraction H-Trial 
chromatographies on adsorbent magnesium silicate 
and silicic acid indicated that two materials giving 
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I I 
10% Methanol in Chloroform 

I 
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1 I 
20% Methanol Methanol 
in Chloroform 

Fraction G (170 Gm.) 

Basic Lead 
Acetate 

r- 
Precipitate Filtrate 1 HzS 1 H2S 

m 
PbS Filtrate PbS Filtrate 
I 1  

Evapn. Evapn. 

H (58.53 Gm.) I(69.59 Gm.) 

Chromatography on Acid-Washed I Adsorbent Magnesium Silicate 

Diatomaceous Diatomaceous 
Earth (3 : 1) Earth (3:l) 

P (1.56 Gm.) Q (1.41 Gm.) 

Flow Sheet for Final Fractionation and Chromatography of Active Principles of A. negundo L.  

Scheme 11 

a brown color with 37, ceric sulfate in 3 N sulfuric 
acid were responsible for the activity of fraction 
H. 

Fraction H (58.53 Gm.) was dissolved in methanol 
(100 ml.) and diluted with chloroform (900 ml.). 
The solubles (51.43 Gm.) were added to  a column of 
acid-washed adsorbent magnesium silicate (3 Kg.) 
in chloroform. The material was eluted with 10% 
methanol in chloroform, and fractions were collected 
and examined by thin-layer chromatography on 
Silica Gel G using ethyl acetate-acetic acid-water 
(3 : 1 : 3) upper phase as developing solvent and ceric 
sulfate spray reagent. Fraction J (13.31 Gm.) was 
eluted before the first active material. Fraction K 
(4.29 Gm.) contained the first active material. 
Fraction L (1.18 Gm.) contained a mixture of the 
two active materials. Fraction M (3.97 Gm.) con- 
tained the second active material. The solvent was 
changed to 20% methanol in chloroform, fraction N 
(2.97 Gm.) was collected, and the remaining material 
was finally removed with methanol (0, 24.32 Gm.). 

Fraction K (4.28 Gm.), dissolved in 25 ml. of 25% 
methanol in chloroform, was added to a column of 
silicic acid-diatomaceous earth (3: 1, 800 Gm.) and 
the column was eluted with 7% methanol in chloro- 
form (2.5 L.). The solvent was changed to 10% 
methanol in chloroform (12 L.), and fractions were 
collected and examined by TLC, using ethyl acetate- 
acetic acid-water (3  : 1 : 3) upper phase as solvent, 
and ceric sulfate as spray reagent. The fractions 
richest in the first active material were combined 
(P, 1.56 Gm.). Elution was continued with 20% 
methanol in chloroform (2 L.) and the remaining ma- 
terial was finally removed with methanol. Fraction 
P accounted for the activity of fraction K, and was 
essentially one-spot material on TLC. 

Fraction M (3.9 Gm.), dissolved in 25 ml. of 25% 

methanol in chloroform, was added to a column of 
silicic acid-diatomaceous earth (3: 1, 750 Gm.) and 
the column was eluted with 8.5% methanol in chloro- 
form (2 L.). The solvent was changed to  10% 
methanol in chloroform(9 L.), fractionswerecollected 
and examined by TLC using ethyl acetate-acetic 
acid-water (3 : 1 : 3) upper phase as solvent, and ceric 
sulfate as spray reagent. The fractions richest in 
the second active material were combined (Q, 1.41 
Gm.). Elution was continued with 20% methanol 
in chloroform (2 L.) and the remaining material was 
removed with methanol. Fraction Q accounted for 
the activity of the fraction M, and was one-spot ma- 
terial on TLC. 

Fractions P and Q were also tested against Walker 
carcinosarcoma 256 (see Table 11); only fraction P 
showed activity. 

Fraction P was a yellow powder, m.p. 198-205" 
dec., [a]g = +28.5' (c 1.79, MeOH). 

Fraction Q was a beige powder, m.p. 230-237" 
dec., [a]? = f8.6" (c 1.45, MeOH). 

The acidic nature of fractions P and Q was in- 
dicated by their solubility properties. Both were 
readily soluble in dilute aqueous sodium bicarbonate, 
from which they were precipitated upon acidification 
with dilute hydrochloric acid. 

Extraction and Preliminary Fractionation of C. 
persicum-Coarsely ground tubers of C. persicum 
(500 Gm.) were twice extracted continuously with 
95% ethanol for 5 hr., and the ethanol extract was 
concentrated under water pump pressure to a brown 
resinous solid (R, 175 Gm.). A portion of the ex- 
tract (60 Gm.) was partitioned between n-butanol 
(1 L.) and water (500 ml.), and the two solutions 
were evaporated separately under reduced pressure 
(S, 45.76 Gm., and T, 13.10 Gm., respectively). The 
n-butanol extract was further partitioned between 
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petroleum ether (1  L.) and 10% aqueous methanol evaporated under reduced pressure (U,  2.69 Gm., and 
(500 ml.), and the petroleum ether solution and one V, 1.47 Gm., respectively). The remaining 10% 
twenty-fifth part of the 10% aqueous methanol were aqueous methanol layer was treated with a saturated 

TABLE I-ACTIVITY OF FRACTIONS PROM A .  negundo L. 

Fraction 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

P 

Q 

Dose, 
mg./Kg. 

500 
250 
125 
160 
80 
40 

175 
87.5 
43.7 

200 
100 
50 

350 
175 

350 
175 
87.5 

190 
95 
47.5 

100 
50 
25 

100 
50 
25 
80 
40 
20 
16 
8 
4 

12 
6 
3 

16 
8 
4 

14 
7 
3 . 5  

40 
20 
10 
10 
5 
2 .5  
6 
5 
4 
3 
2 
1 

6 
3 
1.5 
7 .5  
5.0 
3.3 
2 . 2  
8 
4 
2 

87.5 

Animal Wt. 
Change, Gm. 

Survivors Diff. (T-C) 
Against Sarcoma 180 

-0.3 
-3.0 
+0.8 
+1.7 
+1.3 
-2.7 
+1.3 
+ 0 . 3  
+1.5 
+l.5 
-1.2 

-3.1 
- 2 . 1  
+1.1 
$3.4 
$0.3 

-1.7 
-1.8 

4 j 4  
4/4 

4 /4 
4/4 
414 
5/6 
616 
6/6 
6/6 
2/4 
414 
4 /4 

Against Walker 

$1.2 
+0 .9  
-1.1 
+1.4 
+1 .7  
+2 .2  
c 1 . 0  

- 3 . 4  

-4 .9  
-3.0 

-7.2 
-4.2 
-2.0 
+0 .1  
-0.7 
+0.2 
$0.7 

-4.5 
-4.8 
-3.3 
- 3 . 8  
-5.4 
- 4 . 4  
-3 .9  
-3 .5  

Carcinosarcoma 
- 24 
- 20 
- 12 
-5 
-6 
- 10 

-6 
- 20 
- 13 

0 

Tumor Wt., mg. 
(Test/Control) 

265/1563 
603 / 1563 
5211879 
4741879 
7381879 
290 / 1062 
39611062 
771 / 1062 
253,4379 
6551879 

1030/879 

461879 
71.5 f 879 

i323ji36i 
124411361 
104511361 

20511361 
33011361 

56111438 
1409/1438 
1473/1438 
16i5 j1438 
2124/2101 
1598 /210 1 
2653 jaioi  

1311/1867 

95011867 
874/1867 

i 139 j z  i o 1 
2441 /2101 
229512101 

485/1192 
31711192 
56811192 
565/1192 
27011 192 
4781 1192 
346/1192 
484 / 1 192 

1500/4000 
11 OO/4000 
2500/4000 

3000/9 100 
2000/9100 
3500/9100 
1700/5800 
5000/5800 
5200/5800 

256 

2600 19 100 

T/C X 100 

Toxic 
Toxic 

38 
59 
53 
83 
27 
37 
72 
28 
74 

117 
Toxic 

5 
81 
97 
91 
76 

Toxic 
Toxic 

24 
Toxic 
Toxic 

39 
97 

102 
112 
101 
76 

126 
Toxic 
Toxic 

70 
Toxic 

50 
46 

Toxic 
Toxic 
Toxic 

43 
49 
97 
54 

116 
109 

Toxic 
Toxic 

26 
Toxic 
Toxic 

22 
40 
29 
40 

37 
27 
62 
28 
32 
21 
38 

Toxic 
86 
89 
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Partition Between 
10% Aqueous Methanol 
and Skellysolve B 

607 

I I 
Solvent-Methanol in Chloroform 

10% I 20% I 20% I 20 % 

Concentrated Ethanol Extract of 

Chromatography on 
Silicic Acid 

30% 1 50% 

C. persicurn Mill. 
R (GO Gm.) 

I 
Partition Between 
n-Butanol and Water 

I 
Skellysolve B Extract 

Evapn. 

U (2.69 Gm.) 

I 
10% Aqueous Methanol 

Extract 

Neutral Evapn. of 
Lead Acetate 1 24/25 ths. I ‘ /dh.  

7, V 
(1.47 Gm.) 

methanol solution of neutral lead acetate to complete 
precipitation. The precipitate was removed by cen- 
trifuging and washed with a little methanol before 
suspending in methanol and bubbling in hydrogen 
sulfide. The lead sulfide was filtered off after pre- 
cipitation had been completed, and the filtrate was 

TABLE 11-CYTOTOXICITY OF FRACTIONS FROM 
C. persicum MILL. 

Fraction EDKo, mcg./ml. 
R 25 
S 
T 
U 
v 2 . 1  
W x 
Y 
z 
A’ 
B’ 
C‘ 

10 

22 
13 

18 
13 

2.7 

7.4 

D‘ 18 
E’ 24 

evaporated (W, 2.59 Gm.). The supernatant liquid 
from lead acetate precipitation was also treated with 
hydrogen sulfide, filtered, and concentrated to  dry- 
ness under reduced pressure (X, 30.54 Gm.). 

Chromatography of Active Fraction X-Fraction 
X (6.0 Gm.) dissolved in methanol (20 ml.) was 
diluted with chloroform (180 ml.) and the solution 
was introduced onto a column of silicic acid (600 
Gm.) in chloroform. The column was eluted with 
10% methanol in chloroform until the yellow bands 
were eluted (fraction Y, 472 mg.). The solvent was 
changed to 20% methanol in chloroform, and frac- 
tions were collected and examined by thin-layer 
chromatography on Silica Gel G using 50% 
methanol in chloroform as solvent and ceric sulfate as 
spray reagent. Fraction Z (GO7 mg.) was eluted be- 
fore a one-spot active material. Fraction A’ (933 
mg.) contained the one-spot active material and frac- 
tion B‘ (1.77 Gm.) was eluted after the active ma- 
terial. The solvent was changed to 30% methanol 
in chloroform, when fraction C’ (1.09 Gm.) was 
eluted. The remaining material was removed with 
50% methanol in chloroform, to yield fraction D‘ 
(929 mg.). 
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TABLE 111-ACTIVITY OF THE ACTIVE FRACTION FROM C .  persicurn MILL. 
AGAINST THE WALKER INTRAMUSCULAR CARCINOSARCOMA 256 

Animal Wt. 
Dose, Change, Gm. Tumor Wt., mg. 

Fraction mg./Kg. Survivors Diff. (T-C) (Test/Control) T/C X 100 
E’ 50 2/4 

40 4/4 
30 4/4 

- 14 1400 /7400 Toxic 
-11 
-7 

i%o)iioo 
4400/7100 

26 % 
61% 

A larger batch of fraction A’ (9.67 Gm.), prepared 
from crude extract (84 Gm.), was dissolved in 5% 
methanol in chloroform(400 ml.) and introduced onto 
a column of silicic acid (1 Kg.) in chloroform. The 
column was eluted with 5% methanol in chloroform 
(4 L.), 7% methanol in chloroform (6 L.), and with 
10% methanol in chloroform (10 L.), to  yield frac- 
tions which were examined by TLC as before. The 
fractions richest in the one-spot active material were 
combined (E’, 4.84 Gm.) and tested in the Walker 
carcinosarcoma 256 assay (see Table 111). 

Fraction E’ was a white amorphous powder, (m.p. 
229-233”); [a]? = +0.8” (c 1.20 MeOH), I.R. 
(Nujol) 3.04 p, 5.81 p, 6.10 p. 

Determination of the Hemolytic Index of Frac- 
tions P, Q, and E‘-The determination was per- 
formed by the method outlined in the Swiss Pharma- 
copoea (4) using a 1 : 20 dilution of blood with normal 
saline and Fisher standard saponin as reference. Us- 
ing these conditions, fraction P had a hemolytic in- 
dex of 0.8; fraction Q, 0.5; and fraction E’, 316; with 
reference to standard saponin a t  100. Hence the 
Acer negundo active principles have low hemolytic 
activity. 

Test for the Glycosidic Nature of Fractions P, Q, 
and E’-Fractions P, Q, and E’ (5 mg. of each, 
separately), when heated for 2 min. with a 0.5% 
aqueous solution of triphenyltetrazolium chloride 
(2  drops) and 0.5 N sodium hydroxide (1 drop), gave 
no pink color or precipitate. 

Further 5 mg. portions of fractions P, Q, and E’ 
were hydrolyzed by refluxing for 30 min. with 0.5 N 
hydrochloric acid in 50% aqueous alcohol (0.2 ml). 
Each hydrolyzate was neutralized and the triphenyl- 
tetrazolium chloride test performed. The deep red 
solutions and red precipitates indicated the presence 
of reducing sugars in each of the hydrolyzates (5). 
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Molecular Orbital Calculations on 
Sulfonamide Molecules 

By E. C. FOERNZLER* and A. N. MARTINt 

T h e  LCAO-MO method has been used to compute the electronic characteristics for 
a series of 50 sulfonamide derivatives. The  results of the calculations have been 
compared with experimental parameters through correlation with pKa. For those 
compounds where the substituent R group was an alternate ring, the correlation of 
pKa and the electronic charge at the ionizing (N’) nitrogen atom was considered 
significant. However, it was necessary to classify the compounds by type of R 
group, plotting each class separately. The  simple Hiickel MO treatment was inade- 
quate for those molecules where the substituent R group attached to the N’ nitrogen 

atom was a nonalternate ring or a straight chain. 

N RECENT YEARS i t  has become possible to  I study the electronic structure of large organic 
molecules by using the principles of quantum 
mechanics. This field is known as  quantum 
chemistry, and when applied to  molecules of 
biological interest, has been called quantum 
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biology or quantum biochemistry (1-4). The 
molecular orbital (MO) method, involving a 
linear combination of atomic orbitals (LCAO), 
is ordinarily used for calculating the energies of 
the ?r or delocalized electrons in a molecule, and 
the abbreviation LCAO-MO is used t o  designate 
this type of calculation. In this study, a modi- 
fication of the  LCAO-MO method, the simple 
Huckel molecular orbital (HMO) approximation 
(3-6), has been employed. 

Actually, the reactivity of drug molecules 
should be discussed in terms of their dynamic 




