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ABSTRACT 

The effects of Panfuran-S on the growth of Ehrlich ascites carcinoma cells 

have been studied. 
Marked cytoxic effects were observed in the experiments in which the tumor 

cells were incubated with the drug. 
In contrast to the effects on the tumor cells in vitro, treatment with the drug 

failed to inhibit tumor growth in Swiss ICR/ Ha mice receiving injection of the 

tumor cells whether it was administered by the subcutaneous, intrabdominal, 

intratumorous, or oral route. 
This drug was also toxic to human fibroblast cells in tissue culture study. 

INTRODUCTION 

In the search for new antibacterial drugs, over hundreds of nitrofuran 

derivatives were synthesized; incidentally, their antitumor properties were 

found in rodents and man. 
Furacin ( 5-nitro-2-furaldehyde semicarbazone) has first been reported to 

delay the growth of a transplanted fibrosarcoma in mice1l . Furadroxyl ( 5-

nitro-3-furaldehyde 2-(2-hydroxyethyl) semicarbazone) has then been reported 

to have a specific degenerative effect upon the testicular germinal epithelium 

in rats2l. 

These findings led to clinical application, mainly by urologists, indicating 

that these drugs were effective in the treatment of testicular tumors3l -s). Ex­

tensive studies on nitrofuran derivatives were performed by Miura, et al.6l -s). 

Recently, a new nitrofuran derivative, 3-di (hydroxymethyl) amino-6- (5-

nitro-2-furylethnyl) -1, 2, 4-triazine (Panfuran-S), 

1-1--11 = N <CH20H 
0 2N- / -CH= CH-/ """- N 

"""o \., N-N / CH20H 

has been synthesized; its antibacterial action is reported to be much effective 

than other nitrofuran derivatives9l . 

m1\i%3H: , HJ¥~~, ~J'f:~::s, :tli~~:lJZ. 
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This report is concerned with the effects of this drug on Ehrlich ascites 
carcinoma cells. 

MATERIALS AND METHODS 

1. Compound 
Panfuran-S was prepared for injection by suspending finely powdered cry­

stals in Polyethylene Glycol in physiological saline or in Hanks balanced salt 
solution. 

2. Animal 
Male Swiss ICR/Ha mice weighing 25-28 g were employed. 

3. Preparation of Ehrlich carcinoma cell suspension 
Ascitic cells maintained in Swiss ICR/ Ha mice were obtained by harvesting 

after 7 days' intraperitoneal growth. Then the tumor cells were washed three 
times with Ringer solution. The viable cells were counted by staining with 
0.01% Trypan Blue solution. The suspension was adjusted to contain a pro­
posed number of cells per ml. 

4. Schedule of treatment 
a) Subcutaneous administration: Mice were inoculated with the 106 viable 

cells in 0.1 ml suspension intraperitoneally and treated by subcutaneous ad­
ministration of Panfuran-S starting immediately after the inoculation and 
continuing once daily for 7 successive days. The daily dose of the drug given 
were 7 mg of Panfuran-S that were equivalent to one-tenth of LDso of mouse. 
Control mice received the same amount of physiological saline or Polyethylene 
Glycol as used for dosing. Excluding dead animals without tumor develop­
ment, survival time of inoculated mice was recorded. 

b) Oral administration: Mice were inoculated with 106 viable cells intra­
peritoneally and treated forcibly by oral administration of the drug suspended 
in saline through the Nelaton tube in a daily dose of 7 mg for 3 successive 
days, starting on the day of inoculation. Excluding the dead mic~ without 
tumor development, survival time of mice was recorded. 

c) Intraperitoneal administration: Mice were inoculated with 106 viable cells 
intraperitoneally and treated with intraperitoneal administration of the drug 
suspended in saline in a daily dose of 1 mg for 4 successive days starting on 
the 7th day when ascites developed. The survival time of mice was recorded. 

d) Administration into tumor area: mice were inoculated with 106 viable 
cells into the right axillary space. Nine days later when all mice developed 
subcutaneous tumors approximately 12 mm in diameter, the tumor area was 
infiltrated with 1 mg of the drug in a volume of 0.1 ml once daily for 4 suc­
cessive days. Control mice received the same amount of saline. All mice were 
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sacrificed on the 30th day after tumor inoculation. The tumor was weighed 
a.nd measured with calipers in two diameters. The volume of tumor was 
calculated by increased volume of water putting tumor into known volume. 

5. In vitro study 
a) Determination of cell viability by intraperitoneal injection: Two ml of the 

cell suspension containing 5 x 10" viable Ehrlich ascites carcinoma cells were 
incubated with 1 mg o£ Panfuran-S in Hanks balanced salt solution with 0.5% 
Lactalbumin hydrolysate for 1, 3, and 6 hours at 37°C in an incubator. After 
the incubation, 0.1 ml of this mixture (2.5 x 106 cells) were given by intra­
peritoneal injection into groups of 15 each. 

b) Determination of cell viability by dye-exclusion test: After the incubation, 
this mixture, as described in the preceding paragraph, was centrifuged and 
washed with Ringer solution. The stained cells were counted by mixing 0.01% 
Trypan Blue solution. 

c) Determination of cell viability by Succinic Dehydrogenase Inhibition Test 
(SDI-test): Method of this test has been introduced in our early publications10l 111 • 

After the incubation, 0.5 ml of TTC solution consisted of 30 mg of 2, 3, 5-
triphehyltetrazolium chloride and 2.7 g of sodium succinate in 50 ml of M/15 
phosphate buffured saline were added to the mixture. It was further incubated 
for 5 hours and 4 ml of ethyl acetate containing 0.5% trichloroacetic acid was 
added to each mixture. Quantity of formed formazan was measured by spectro­
photometer at 480 m,u. 

d) Determination of cell viability by growth rate in tissue culture: After 3 
hours' incubation, the mixture was washed and maintained in Hanks balanced 
salt solution with 0.5% Lactalbumin hydrolysate in an incubator. The cell 
counts were performed on the 1st, 2nd, and 4th day using the haemocytometer. 

e) Effect of Panfuran-S on normal cells: A human fibroblast cells main­
tained in Y. L. E. medium with 20% calf serum and 10% Tryptose Phosphate 
Broth dehydrate (Difco) were cultivated with 500, 250, and 100 ,ug per ml of 
Panfuran-S. The cell counts were performed on the 2nd, 4th, and 6th day. 

RESULTS 

Subcutaneous injection of Panfuran-S in a daily dose of 7 mg was toxic 
for mice and some of them resulted in an ea.rly death. All mice given Pan­
furan-S developed diarrhea and a progressive loss of weight in which 10 died 
from emaciation. The remaining 5 developed ascites. 

As shown in Table 1, loss of weight was observed in Panfuran-S treated 
mice. Polyethylene Glycol or physiological saline injected mice gained weight 
due to development of ascites. Five mice which tolerated toxicity of the drug 
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TABLE 1. Effect of Subcutaneous Injections of Panfuran-S on Body Weight 
and Survival Time of Mice Bearing Ehrlich Ascites Carcinoma Cells 

Change (g) IAv. Body Wt. [ No. Mice Alive 

---===~--~- --------------~ -1st ~eek---~- 8fu~d;---lOth day :_ 14th d~y-
Panfuran-S 
Polyethylene Glycol 
Physiological saline 

- 0.9 
+ 5.0 
+ 4.7 

12/15 
15/ 15 
15/15 

5/ 15 
15/ 15 
12/ 15 

2/ 15 
8/ 15 
8/15 

also developed ascites, therefore, loss of weight in Panfuran-S treated mice 
was remarkable. 

Excluding the dead mice from toxicity of the drug, the effects of sub­
cutaneous injection of Panfuran-S upon the growth of intraperitoneally injected 
Ehrlich ascites carcinoma cells are shown in Fig. 1. All treated mice tolerated 
toxicity and all the two groups of control mice died within 24 days after tumor 
inoculation as a result of malignancy. Here, Panfuran-S appears to be in­
effective on Ehrlich ascites carcinoma cells regardless of high doses as to 
show toxicity and in this route of administration. 
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FIG. 1. Per cent surviva l of mice bearing Ehrlich ascites 
carcinoma treated with subcutaneous injections of Panfuran-S 
and Controls. o= Panfuran-S; • = Polyethylene Glycol; • = 
Physiological saline; t = administration of drug. 

Since subcutaneous route was largely absorbed though small amounts of 
the drug were observed at necropsy at the site of injection, oral administration 
of the drug was performed following intraperitoneal injection of Ehrlich ascites 
carcinoma cells. Under these conditions, 5 mice died: 2 from pneumonia and 
3 from toxicity of drug. The remaining 10 mice treated with Panfuran-S and 
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Days after Inoculation 

FIG. 2. Per cent survival of mice 
bearing Ehrlich ascites carcinoma treated 
with oral administrations of Panfuran·S 
and controls. o = Panfuran·S; a= Physi· 
ological saline ; t = administration of 

drug. 
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FIG. 3. Per cent survival of mice 
bearing Ehrlich ascites carcinoma treated 
with intraperitoneal administrations of 
Panfuran·S and controls. o = Panfuran· 
S; • = Phisiological saline; t = adminis· 

tration of drug. 

all the control mice died as a result of development of ascites. It can be noted 

from Fig. 2 that the survival rates of Panfuran·S treated mice were similar to 
those of control mice. 

These two systemic treatments proved unsuccessful in prolongating the 
life span of tumor-bearing mice, therefore, two series of experiments were 
intended to study on topical treatment. The survival rates of the mice given 
Panfuran·S intraperitoneally after development of ascites were shown in Fig. 
3. There was no difference in survival rates between the treated and control 
mice. 

Similar results were recorded in the experiment in which Panfuran·S was 
injected directly into the subcutaneous growing tumor. It can be noted from 
Table 2 that the topical treatment did not prevent extensive tumor growth in 
subcutaneous tissue. 

Although neither systemic nor topical treatments were effective, marked 

TABLE 2. Effect of Panfuran·S Injected into Tumor Area on the Growth of 

Subcutaneously Implanted Ehrlich Ascites Carcinoma 

Panfuran·S 
Saline i 

L 

Cells, Measured on the 30th Day. 

N . I o. m1ce ! 

8 
8 

·A v. "'"tu=J=n=o=r = . Total tumor Total tumor · 
siz~_(_m_m_)__ w~!t;ll.t_(g) volmn_e __ ( I!11L 

26.6x26.0 
22.6x 23.9 

34.14 
28.74 

37.0 
28.0 
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FIG. 4. P< r cent of survival of mice implanted with Ehrlich 
asc.ites carcinoma cells after incubation with Panfuran-S in vitro 
and corresponding contr0ls. u = Panfuran-S treated for 6 hours; 
"= Panfuran-S treated for 3 hours; o = Panfuran-S treated for 1 
hour; • =Controls for 6 hours; "'=Controls for 3 hours; • = 
Controls for 1 hour. 

cytoxic effects of the drug were observed in zn vitro experiments. After 
incubation of Ehrlich ascites carcinoma cells with Panfuran-S for 1, 3, or 6 
hours, the effects of the drug on the survival of mice given inoculation of the 
tumor cell suspensions are shown in Fig. 4. It is evident that the survival 
times prolonged as time of incubation went on. When the tumor cells were 
incubated with the drug for 6 hours, complete suppression of tumor develop­
ment took place. With 3 hours' incubation there was pronounced effect ob­
served but some of the mice developed tumor. In the group incubated for 1 
hour, the life span produced a slow-down but it was found to be superior to 
those of control groups. 

As indicated in Table 3, percentage of the tumor take was also related to 

TABLE 3. Effects of Panfuran-S Incubated with Ehrlich Ascites Carcinoma 
Cells on the Incidence of Tumor Growth, Survival of Implanted Mice, Dye 

Staining of the Cells, and Succinic Dehydrogenase Activity of the Cells 

Time of 50% Trypan Blue Staining SDI Test* 

- ~~o:: __ ~~~:;~~n N~ic~f ~~k~f s~~~~:)l ~~;~~r%~ ~~~~~~~~)~:~:~;~iJia~~~~~Jce) 
---------------------~ 

1 15 10 
Panfurau-S 3 15 9 

6 15 0 

1 15 15 
Control 3 15 15 

6 15 14 

*See "Materials and Methods" 

28.5 90-92 
74.0 89-93 

18.2 
22.7 
25.5 

90-94 

90-94 
81-87 
40-54 

8-10 
7-11 
6-10 

6-10 
13-19 
46-60 

91.0 0.539 
91.3 0.405 
92.0 0.370 

91.3 0.515 
83.8 0.528 
44.0 0.327 
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the time of incubation in which 67%, 60% and nothing of tumor take occurred 
in the groups after 1, 3, and 6 hours' incubation, respectively. 

To differentiate between viable and non-viable cells, vital staining pro­
cedure was performed by using Trypan Blue solution. Because of selective 
permiability, viable cells remain colorless, whereas dead cells became diffusely 
stained. The results were unrelated to those of bioassay experiment. This 
reason may be that Panfuran-S alters the character of cell membrane. Micro­
scopically, almost all the cells treated with Panfuran-S became small and ir­
regular, and cell membranes thick and rugged as shown in Photos. 1, 2, 3, 
and 4. 

With dehydrogenation system, the color change was somewhat related to 
the results of bioassay experiment as shown in Table 3. If a dye is added to 
a suspension of living cell, the dye is reduced, thus revealing the percentage 
of viability of cell by the grade of reduction. 

The effects of Panfuran-S on the tumor cells and normal cells growing in 
tissue culture were studied further. The number of Ehrlich ascites carcinoma 
cells treated with. Panfuran-S reduced remarkably with the lapse of day and 
almost nothing on the 4th day as shown in Table 4. This effects were also 
observed on normal cells as shown in Table 5 and in Photos. 5, 6, 7, and 8. 
The untreated cells propagated, whereas, the Panfuran-S treated cells disap­
peared and cytoplasms were destroyed completely on the 7th day of cultivation. 

TABLE 4. Effect of Panfuran-S on Ehrlich Ascites Carcinoma 
Cell Population in Culture 

Panfuran-S 
Controls 

Inoculation 

lOx 104 

18 X 104 

1st day 

2x 104 

12x 104 

2nd day 

3x 104 

20x 101 

4th day 

lOx 104 

16x 104 

TTBLE 5. Effect of Panfuran-S on Human Embryo Fibroblast 
Cell Population in Culture 

Inoculation 2nd day 4th day 6th day 
----------------------- -------------------------

500 f.lg Panfuran-S 4x 104 1.5 X 104 2.0x 101 0 
250 f.lg Panfuran-S 4x 104 1.5 X 104 1.5 X 104 0 
100 f.lg Panfuran-S 4x 104 3.0x 104 2.5x 10' 0 

Controls 4x 104 6.5x 101 7.5x 101 11 X 10 1 

DISCUSSION 

From the results obtained with Ehrlich ascites carcinoma, it is evident 
that Panfuran-S bas cytotoxic properties in vitro1 whereas it has no appreciable 
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tumor-inhibitory effect in vivo. Because of the fact that the tumor growth 
was inhibited only when the tumor cells were contacted with the drug in vitro, 
however, there was no prolongation of life span when the drug was given 
after tumor inoculation. 

Effectiveness of nitrofuran derivatives on transplanted Ehrlich ascites car­
cinoma was reported by many and the relationship between chemical structure 
and antitumor activity was investigated. Miura, et a[.6l, reported that among 
nitrofuran-quinoline derivatives, the compounds having N-oxide, carbonamide, 
or two amino groups on the quinoline nucleus were effective. Recently, Katae, 
et al., 12l reported that pyrimidine, quinoline, benzimidazole, benzpyrimidine, and 
pyridine derivatives were effective suggesting that a nitro group on the furan 
nucleus might be necessary to confer antitumor actiity on nitrofuran deri­
vatives, but a furan nucleus itself might not be effective. 

Thereafter, a new nitrofuran derivative, Panfuran-S, has been synthesized 
and Miura, et al.8l observed inhibiory effect of tumor growth with Ehrlich ascites 
tumor following intraperitoneal administration of the drug. In the results of 
this study, however, there was no difference between the control and treated 
animals. Possibly the time of administration considers to be too late to be 
effective on. Nevertheless, we can not think that Panfuran-S is effective on 
transplanted Ehrlich ascites tumor because of negative results obtained by 
various routes of administration. As to this reason, one might think as sug­
gested by Endo13l that Panfuran-S is inactivated in liver and sufficient concen­
trations of drug do not reach to the tumor area. In this study, the topical 
uses of the drug were also ineffective. 

Panfuran-S is insoluble in water, quite unstable, and sensitive to alkali and 
acid. Accordingly, in each experiment we used the drug immediately after the 
preparation. As to solvent, at first we dissolved it in Polyethylene Glycol and 
later in saline, since toxicities of the drug appeared to be the same between 
the two solutions. Concerning the pH, saline used in this study was 5.4 and 
this level of pH had affect on the cells when the time of incubation was pro­
longed. Therefore, in in vitro studies, we maintained the pH in the physiolo­
gical range. 

Although Panfuran-S had marked cytotoxic effects on the neoplastic cells 
in vitro, it was cytotoxic on normal cells as well. Consequently, the clinical 
use of Panfuran-S is questionable to destroy malignant cells without side effects 
because of the slight biochemical differences between normal and neoplastic 
tissue. 
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EXPLANATION OF PHOTOGRAPHS 

PHOTO. 1. Ehrlich ascites carcinoma cells incubated with Panfuran-S for 3 hours. Cell 

membrane was irregular and thicker. 
PHOTO. 2. Untreated Ehrlich ascites Carcinoma cells for comparison to Photo. 1. 

PHOTO. 3. Ehrlich ascites carcinoma cells cultivated for 2 days after incubation of the 

cells With Panfuran-S. The cell became much smaller and spore formation. 

PHOTO. 4. Untreated Ehrlich ascites carcinoma cells cultivated for 2 days. 

PHOTO. 5. Human fibroblast cells cultivated with 500 p.g of Panfuran-S for 6 days. Cyto­

plasm disappeared completely. 

PHOTO. 6. Human fibroblast cells cultivated with 250 p.g of Panfuran-S for 6 days. Cyto­

plasm disappeared. 
PHOTO. 7. Human fibroblast cells cultivated with 100 p.g of Panfuran-S for 6 days. Cyto­

plasm also disappeared. 
PHOTO. 8. Untreated l).uman fibroblast cells showing well growing. 
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