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One of the alkaloids from narcissus bulbs, 
pseudolycorine, has been shown to be re- 
markably effective against Rauscher leu- 
kemia in mice (1, 2) .  The residual alkaloid, 
which is a water-soluble portion of the nar- 
cissus alkaloids after the removal of pseu- 
dolycorine, also showed a considerable pro- 
longation of the life span of established 
Rauscher leukemic mice in comparison with 
standard antileukemic drugs (cyclophospha- 
mide, vincristine, and 6-mercaptopurine) 
(1, 2) .  The combination of these alkaloids 
with cyclophosphamide or 6-mercaptopurine 
was more effective than the administration 
of either drug singly. In addition, the nar- 
cissus alkaloids did not impair humoral 
antibody production against sheep red cells 
nor did they suppress interferon induction 
by polyriboinosinic-polyribocytidylic acid 
complex in leukemic mice (2) .  Recently, 
Papas et al. have demonstrated that the 
residual alkaloid strongly inhibits the ac- 
tivity of RNA-dependent DNA polymerase 
(reverse transcriptase) which is associated 
with various oncogenic RNA viruses. This 
alkaloid is peculiar in that it works by bind- 
ing to the enzyme itself rather than inter- 
acting with nucleic acid template ( 3 ) .  We 
report now the results of our experiments 
on antiviral activity of the residual alkaloid 
in cell cultures and on its therapeutic effect 
in vivo compared with other inhibitors of 
reverse transcriptase and standard antileu- 

1 Supported by Research Grants from National 
Cancer Institute (CA 12733) and from American 
Cancer Society (IC-29). 

kemic agents using Rauscher leukemia virus. 
Materials and Methods. Preparation of 

the narcissus alkaloids and other drugs. The 
methods of extraction of the total alka- 
loidal fraction and pseudolycorine from the 
bulbs of Narcissus tazetta L. have been 
described (1 ). After the removal of pseu- 
dolycorine from the total alkaloidal fraction, 
the crude residual alkaloid was obtained in 
a water-soluble fraction. Residual alkaloid 
A-2 is a partially purified grade, soluble 
even in cold water, and obtained by re- 
peatedly washing and drying with water; 
residual alkaloid A-3 is a chromatographi- 
cally pure alkaloid isolated from A-2 grade 
by passing through an aluminum oxide 
column with chloroform and then with the 
mixture of chloroform and methanol (9 : 1 ) . 
Alkaloid A-3 is the main component (ca. 
80%) of alkaloid A-2 and although the 
chemical structure is unknown, it is thought 
to be a phenolic precursor of tazettine. 

6-Mercaptopurine (6-MP) and cyclo- 
phosphamide (CY) obtained from com- 
mercial sources were used as the standard 
antileukemic drugs. Inhibitors of reverse 
transcriptase, ethidium bromide (EB) (4) 
and rifamycin SV ( 5 )  were purchased from 
Calbiochem, CA, acetyl adriamycin (per- 
sonal communication), and cinerubin A 
(6)  were obtained from Dr. M. A. Apple 
of the Cancer Research Institute of the 
University of California. 

Cell culture. Secondary tube cultures of 
BALB/c mouse embryo (ME)  cells were 
used as amplifiers of Rauscher leukemia 
virus (RLV).  M E  cells were grown 
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in Eagle’s minimum essential medium 
(EMEM) with 10% unheated fetal calf 
serum, 2 mM glutamine and antibiotics, and 
maintained in EMEM with 3% fetal calf 
serum after the cultures became subcon- 
fluent. XC cells were employed as detectors 
of RLV. This rat tumor cell line was sup- 
plied by Dr. A. Hackett of Naval Biomedi- 
cal Research Laboratory, Oakland, CA and 
kept in EMEM with 10% fetal calf serum 
with frequent subpassages. 

Virus. RLV was supplied by Dr. M. A. 
Chirigos of NTH and passaged for 6 yr in 
BALB/c inbred mice in this department. 
An inoculum of 0.2 ml of a 1 :40 dilution 
of leukemic plasma was injected intraperi- 
toneally (ip) into 6- to 8-week-old BALB/c 
mice. Infected mice were bled by cardiac 
puncture about 4 weeks postinfection when 
enlarged spleens were easily palpable. 
Pooled plasma was used as the RLV in- 
oculum in the following experiments in vivo 
and in vitro. 

System of Rauscher viral leukemia and 
chemotherapy. An inoculum of 0.2 ml of a 
1 : 20 or 1 :40 dilution of leukemic plasma 
was injected ip into 6- to 8-week-old 
BALB/c mice (18-20 g),  either male or 
female. Treatment with one maximum non- 
toxic dose (MNTD) was started subcu- 
taneously (sc) 16-1 8 days after infection 
when 70-100% of the mice showed clearly 
palpable spleens. All agents, singly or com- 
bined, were injected every other day. Pseu- 
dolycorine and its combinations with CY 
and/or 6-MP were administered for 30 
days, and residual alkaloid and its com- 
binations, for about 40 days. Rifamycin SV 
and EB were given for 23 and 17-53 days, 
respectively, and acetyl adriamycin and 
cinerubin A were administered for 9 days. 
These intervals were chosen to avoid any 
apparent intoxication as indicated by general 
weakness, ruffled hair, weak motions, 
marked loss of body weight, or marked 
decrease of intake of food and water. 

In vitro test for antiviral activity. Imme- 
diately after treatment with DEAE-dextran 
(final concn: 20 pg/ml) at 37°C for 40 
min, and subsequent washings, M E  cultures 
were infected with 0.1 ml of a 1 : 2 or 1 : 4 
dilution of the leukemic plasma. These were 

incubated at 37°C for 3 days with daily 
medium changes then one MNTD of each 
agent was added and incubated for another 
3 days with daily medium changes, includ- 
ing one MNTD of the agent. The culture 
fluids were collected and kept frozen at 
-70°C for virus yield titration. In pre- 
liminary experiments, no syncytial giant cell 
formation was detected when culture fluids 
were collected 3 days after inoculation of 
t5e virus. 

RLV yield titrations were performed by 
the method of XC cell assay developed by 
Klement et al. (7) and Rowe et al. (8)  
with a slight modification. Cultures were 
treated with DEAE-dextran in the same 
way as described above, inoculated with 
0.1 ml of 10-fold diluted specimens from 
the nontreated controls and drug-treated 
tubes, and held at 37°C for 1.5 hr. Then 
1 ml of medium was added and the culture 
tubes were kept at 37°C with daily medium 
changes. After 5-6 days, the cultures were 
overlayed with about 1.5 X loG of freshly 
trypsinizcd XC cells. Syncytial giant cells 
were detected by a microscope under low 
magnification 1 or 2 days after the XC cell 
overlay. Two to three tubes were used for 
each dilution. RLV titers were calculated 
after Reed and Muench (9), and expressed 
by a median tissue culture infectious dose 
(TCID:,)/O.l ml. 

Results. Eflects of narcissus alkaloids and 
other inhibitors of reverse transcriptase on 
Rauscher virus growth in M E  cells. Pseu- 
dolycorine and narcissus residual alkaloid 
A-2 were tested for their inhibitory activity 
of the proliferation of RLV in M E  culture 
cells in comparison with the standard in- 
hibitors of reverse transcriptase, rifamycin 
SV and EB. Two tubes were used for each 
dilution in RLV yield titration tests. Table I 
shows the result from a representative ex- 
periment. RLV titers in the culture fluids 
from the tubes treated with pseudolycorine, 
narcissus residual alkaloid A-2, rifamycin 
SV, and EB were 0.5, 0.0, 2.5 and 3.5 log 
TCID,,/O. 1 ml, respectively while non- 
treated control tubes gave a titer of 3.5 log 
TCID,,/O. 1 ml. The narcissus residual alka- 
loid A-2 inhibited the virus growth almost 
completely and rifamycin SV was only 
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TABLE I. Effect of Narcissus Alkaloids and Othcr 
Standard Inhibitors of Reverse Transcriptase on 

Rauscher Virus Growth in ME Cells. 

Control (no drug) - 3.5 
Pseudolycorine 0.5 0.5 
Narcissus 

alkaloid A-2 5 .O 0.0 
Rifamycin SV 12.5 2.5 
Ethidium bromide 2.5 3.5 

"Treatment with one MNTD of each agent was 
started 3 days after the virus infection and con- 
tinued for 3 days. 

Titration of the virus amount per 0.1 ml of the 
culture fluids collected after the treatment was done 
by the method of XC cell assay. Any differences 
over 1 log between titers are significant (P  < 0.05) . 

slightly inhibitory, while EB was not effec- 
tive at all against RLV proliferation in ME 
cells. 

By further purification of the residual 
alkaloid, a chromatographically pure alka- 
loid was recovered in the form of crystals, 
referred to as residual alkaloid A-3. In 
the following experiment, narcissus alka- 
loid A-3 and four other inhibitors of 
reverse transcriptase (rifamycin SV, EB, 
cinerubin A, and acetyl adriamycin) were 
tested for their inhibitory effects on the repli- 
cation of the virus. The results from a repre- 
sentative experiment are summarized in 
Table 11. In this case, the amount of EB 
added in the RLV-infected ME cells was 

reduced to 1.25 pg/ml because 2.5 pg/ml 
of this agent, the dose used in the previous 
experiment, was slightly toxic to ME cells. 
Each dilution of the virus titration was done 
in triplicate. The virus yield in the control 
tubes was 3.25 log TCID,,/O.l ml, and no 
giant cells were detected in the tubes inocu- 
lated with the harvest from RLV-infected 
cultures treated with narcissus residual 
alkaloid A-3. Rifamycin SV and EB were 
only slightly inhibitory, and cinerubin A 
and acetyl adriamycin were significantly 
effective against RLV growth, but not as 
much as narcissus residual alkaloid A-3. In 
this experiment (Table II), in addition to 
the titrations of the virus yield, counting of 
the giant cell numbers was performed by 
overlaying the XC cells directly onto the 
ME cell cultures immediately after the re- 
moval of culture fluids. By this method, all 
the agents except EB were found to sig- 
nificantly suppress the giant cell formation, 
whereby the average number of giant cells 
in control tubes was 94. The inhibition tests 
using ME tissue cultures show the narcissus 
residual alkaloid to be the most potent in- 
hibitor of RLV growth of all the agents 
tested; all of which have been shown to be 
inhibitors of reverse transcriptase. 

Eflects of narcissus residual alkaloid and 
other inhibitors of reverse transcriptase on 
the life span of Rauscher leukemic mice. To 
test the narcissus residual alkaloid and the 
other four inhibitors of reverse transcriptase 
for their therapeutic activities in established 
leukemic mice, treatment with single agents 

TABLE 11. Effects of Reverse Transcriptase Inhibitors on Rauscher Virus Growth. 

Agent" 
Dose Virus yieldb Inhibition of giant 

Cug/m*> (log,,TCID,,/O.l ml) cell formationC (%) 

Control (no drug) 
Narcissus alkaloid A-3 
Rifamycin SV 
Ethidium bromide 
Cinerubin A 
Acetyl adriamycin 

- 
2.5 

12.5 
1.25 
0.05 
0.05 

3.25 
0 .o 
2.25 
2.50 
1.50 
1.25 

- 

100 
90 
0 

100 
89 

"Treatment with one MNTD of each agent was started 3 days after the virus infection and 

Titration of the virus amount per 0.1 ml of the culture fluids collected after the treatment 

Any differences over 0.5 log between titers are significant ( P  < 0.05) . 

continued for 3 days. 

was done by the method of XC cell assay. 
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TABLE 111. Effects of Narcissus Residual Alkaloid on Surl ival of Mice with Established Rauscher 
Leukemia: Comparison with Other Inhihitors of Re\ erse Transcriptase. 

Expt 
no. 

El50 
-- 

El80 

El95 

E207 

E209 

E213 

Agent 

Control (each 20 female) 
Residual alkaloidb 
Rifamycin SV 
Control (each 20 female) 
Residual alkaloid 
Cyclophosphamided 
Ethidium bromide 
Control (each 20 female) 
Residual alkaloid 
Ethidium bromide 
Control (each 20 male) 
,Cinerubin A 
Control (each 20 female) 
Acetyl adriamycin 
Control (each 20 male) 
Cinerubin A 

J fa s i m u 111 

nontosic 
dow/kg 

("'g) 

3 0 
100 

50 
10 
23 

23 
) 

2.3 

2.5 

1.3  

Period of 
t rc'a tmen t 

(days) 

XLedian Prolongation" 
survival of MST 

time (ALST) over 
(da) s) control (yo) 

( + 1 8  to +40) 
(+18 to t40) 

( + 1 6  to +32) 
( + 1 6  to +32) 
( + 1 G  to + 3 2 )  

( + I 8  to +70) 
(+  I8 to + 70) 

(+18 to +2G) 

(+18  to +2q 

(+18 to +26) 

2'7.5 
54.5 
34.5 
33.0 
67.0 
47.0 
34.5 
40.0 
72.0 
3 7 5  
52.5 
64.0 
38.5 
82.0 
48.0 
46.0 

98 
26 

103 
43 

4 

80 
0 

22 

42 

0 

Any prolongation of MST over 257, is significant (P < 0.05) . 

Treatment with agent was started on the 18th day, continued every other day until the 40th day. 
Cytoxan was used as a standard antileukemic agent for comparison. 

' The  crude fraction of residual alkaloid was used. 

was performed. Each agent was injected sc 
every other day for the period indicated in 
Table I11 which is also a representative re- 
sult. Prolongations of median survival time 
(MST) with narcissus residual alkaloid 
were 98%, 103%, and 80% (E170, E180, 
and E195) over the controls, which are 
consistent with the results of our previous 
experiments (2). Because of the treatment 
with 25 mg/kg of EB (E180) or 2.5 mg/kg 
of cinerubin A (E207) showed some tox- 
icity (i.e., ruffled hair and loss of body 
weight) the doses of these two agents were 
reduced to 5 mg/kg for EB and 1.3 mg/kg 
for cinerubin A in the next experiments 
(E195, E213). However, no MST pro- 
longation effects were demonstrated after 
this reduction in dosage. Rifamycin SV pro- 
longed the MST only by 26% (E170), 
while acetyl adriamycin was moderately 
effective (42%, E209), comparable with 
CY (43%, E180) which was employed as 
a standard antileukemic drug. 

Eflect of combination treatment of nar- 
cissus alkaloids and standard antileukemic 

drugs on MST of Rausch,er leukemic mice. 
The results obtained in the above experi- 
ments, both in vitro and in vivo, show the 
narcissus alkaloid to have the most potent 
inhibitory activity against RLV growth. 
Therefore, combination treatments using 
narcissus alkaloids (including pseudolycor- 
ine) with standard antileukemic drugs (CY 
and 6-MP) were attempted. One of the sev- 
eral results is shown in Table IV. The route 
and time intervals of injections were the 
same as in the preceding experiments. Treat- 
ment with a single agent of pseudolycorine 
or the residual alkaloid showed constantly 
significant therapeutic effects, giving about 
80% prolongation of MST over the con- 
trols. Combination treatments of pseudoly- 
corine with CY or 6-MP (E138) resulted in 
178% or 93% MST prolongation, respec- 
tively, indicating a similar effect as in the 
previous experiments (2). When pseudoly- 
corine was combined with CY and 6-MP, 
MST's were considerably prolonged (223 % , 
El38 and 123%, E144). 

The mixture of the residual alkaloid with 
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'TABLE IV. Effect of Combinations of Narcissus Alkaloids and Standard Drugs on Survival of Mice with 
Established Rauscher Leukemia. 

Expt 
no. 

Maximum Median Prolongation 
nontoxic Period of survival of MST 
dose/kg treatment time (MST) over 

control (yo) Agent (mg> (days) (days) 

El 38 

El44 

El50 

El58 

Control (each 20 female) 
Pseudo1 ycorine 
Mixture of pseudolycorine 

Mixture of pseudolycorine 

Mixture of pseudolycorine, 

and CYb 

and 6-MPb 

CY 
and 6-MP 

Control (each 20 male) 
Pseudolycorine 
Mixture of CY 

and 6-MP 
Mixture of pseudolycorine, 

CY 
and 6-MP 

,Control (each 20 female) 
Residual alkaloid" 
Mixture of residual alkaloid 

Mixture of residual alkaloid 

Mixture of residual alkaloid, 

and CY 

and 6-MP 

CY 
and 6-MP 

Control (each 20 male) 
Residual alkaloid 
Mixture of CY 

and 6-MP 
Mixture of residual alkaloid 

and CY 
Mixture of residual alkaloid 

and 6-MP 
Mixture of residual alkaloid, 

CY 
and 6-MP 

20 
20 
10 
20 
5 

20 
10 

5 

20 
10 
5 

20 
10 
5 

50 
50 
10 
50 
5 

50 
10 

5 

50 
10 
5 

50 
10 
50 
5 

50 
10 
5 

(+15 to +57)" 
( + l 5  to +57) 

(+15 to +57) 

(+15 to +57) 

(+17 to +57) 
(+17 to +57) 

(+17 to +57) 

(+19 to +49) 
(+19 to +49) 

(+19 to +49) 

(+19 to +49) 

(+17 to +47) 
(+17 to +47) 

(+17 to +47) 

(+17 to +47) 

(+17 to +47) 

28.5 
50.5 
79.5 

55 .O 

92.0 

43.5 
78.0 
75 .O 

97.0 

30.5 
56.5 
87.5 

70.0 

154.0 

37.5 
68.0 
52.5 

81 .o 

85 .O 

101.0 

77 
178 

93 

22 3 

79 
72 

123 

85 
187 

129 

405 

81 
40 

116 

127 

170 

a Treatment with agent was started on Day 15, and continued every other day until Day 57. 
CY: cyclophosphamide (Cytoxan) ; 6-MP: 6-merca ptopurine (Purinethol) as the standard antileukemic 

The  crude fraction of residual alkaloid was used. 
agents. 

CY prolonged the MST by 187% (E150) longation of MST over the controls. The 
and 116% (E158), and with 6-MP, about mixture of the two standard antileukemic 
128% (El50 and E158). Moreover, the agents, CY and 6-MP, was not as effective 
triple combination of the residual alkaloid as the combination of narcissus alkaloids 
with CY and 6-MP was highly effective with CY or 6-MP (El44 and E158), al- 
against Rauscher leukemia in mice, with though no increase in toxicity was noticed 
405% (E150) and 170% (E158) pro- in the mice. We found both pseudolycorine 
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and residual alkaloid, when mixed with CY 
and 6-MP, to be the most effective against 
Rauscher leukemia in mice without an in- 
crease in toxicity. 

Discussion. Through our screening in- 
vestigation for antiviral agents from the 
higher plants of the Pacific area (10, 11 ), 
narcissus alkaloids were found to be promis- 
ing agents for possible application to chem- 
otherapeutic treatment of human leukemia 
(2).  Pseudolycorine, one of the narcissus 
alkaloids, has been shown to be highly effec- 
tive against established Rauscher leukemia 
in mice (1, 2). We found also, that the 
residual alkaloid is more effective than pseu- 
dolycorine in the treatment of Rauscher 
leukemia (1, 2).  In addition, the narcissus 
residual alkaloid has been found to be a 
potent inhibitor of reverse transcriptase ( 3 ) ,  
while pseudolycorine did not inhibit the 
activity of this enzyme (personal communi- 
cation from Dr. M. A. Chirigos of NIH). 
This might be due to the relatively low solu- 
bility of pseudolycorine in water. Residual 
alkaloid and other inhibitors of reverse 
transcriptase (EB, rifamycin SV, acetyl 
adriamycin, and cinerubin A) were tested 
for their inhibitory effects on the replication 
of RLV in ME tissue culture cells and for 
their therapeutic activities in Rauscher leu- 
kemic mice. The results indicate that, while 
all drugs are claimed to have an inhibitory 
activity to reverse transcriptase in enzyme 
inhibition tests (4, 5 ,  7) ,  only rifamycin 
SV and acetyl adriamycin significantly sup- 
pressed the virus replication in the culture 
cells (Tables I and 11). However, these two 
agents could not prolong significantly the 
life span of the leukemic mice (Table 111). 
The reason for this discrepancy in their 
effectiveness in vitro and in vivo might be 
that an effective dose could not be obtained 
in vivo because of their severe toxicity to 
mice. In contrast, effective doses of the 
narcissus residual alkaloid can be admin- 
istered repeatedly over a long period of time 
(2). Thus, the narcissus residual alkaloid is 
one of the few inhibitors of reverse tran- 
scriptase which is effective both in vivo 
(mice) and in vitro (tissue cultures and en- 
zyme inhibition tests). 

For years, multiple drug combinations 

have been developed in the treatment of 
various neoplasias. As reported in our 
previous paper (2),  the combination of the 
narcissus alkaloids with C y  or 6-MP was a 
more effective treatment against Rauscher 
leukemia in mice than treatment with any 
one of these agents singly. Now we have 
results which indicate that the narcissus 
alkaloids in triple combination with CY 
and 6-MP are even more effective in the 
treatment of Rauscher leukemia (Table 
IV). This may be an example of a rational 
combination therapy involving agents of 
different action mechanisms; one being an 
antiviral agent possessing strong inhibitory 
activity against reverse transcriptase, and 
the others being classical cytotoxic agents. 
Moreover, the residual alkaloid, when given 
in repeated administrations, possesses mod- 
erate anticancer activity against Ehrlich 
ascites carcinoma in mice (12). Therefore, 
the narcissus residual alkaloid, with its 
inhibitory activity against reverse tran- 
scriptase, anticancer activity, relatively low 
toxicity, and without inhibitory activity to 
humoral antibody production in mice (tests 
of cell-mediated immunity are in progress), 
might be a potential agent for the treatment 
of human leukemia. 

Summary. Narcissus alkaloid (pseudoly- 
corine and the residual alkaloid) in com- 
parison with standard inhibitors of reverse 
transcriptase (ethidium bromide, rifamycin 
SV, acetyl adriamycin, and cinerubin A) 
were tested for their antiviral activities 
against Rauscher leukemia virus in mouse 
embryo cell cultures. The narcissus alkaloid 
remarkably suppressed the virus replication 
in mouse embryo cells, while rifamycin SV, 
acetyl adriamycin and cinerubin A were 
moderately inhibitory, and ethidium bro- 
mide showed no effect. 

In the treatment of Rauscher leukemia in 
mice, with single-drug administration, the 
narcissus alkaloid showed a significant pro- 
longation of the life span of leukemic mice, 
while acetyl adriamycin and cinerubin A 
were only slightly effective, and rifamycin 
SV and ethidium bromide were found to be 
ineffective. The triple combination treat- 
ments using narcissus alkaloids with 6-mer- 
captopurine and cyclophosphamide showed 
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a superior prolongation effect on the sur- 
vival time over two-combination treatments, 
which have been consistently demonstrated 
to be more effective than the administration 
of single agents. 
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