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SUMMARY 

The toxic i ty  of  daily subcutaneously applied 500 mg/kg N-methyl- 
formamide (NMF) during a period of  8 days in female CD-mice was amelio- 
rated when 100 mg/kg sodium ascorbate, 60 mg/kg menadione bisulfite or 
80 mg/kg pyridoxal  hydrochlor ide  were applied simultaneously. The com- 
parison of  the daily s.c. application o f  360 mg/kg NMF with the inter- 
mi t ten t  s.c. injection of  720 mg/kg NMF with an interval of  48 h in P 388 
leukemia showed that  the dally application of  NMF induced an increase 
o f  life span of  82% whereas the intermit tent  schedule effected a 142% 
increase of  life span. The simultaneous combinat ion of  360 mg/kg NMF 
with 60 mg/kg sodium ascorbate applied daily caused a 133% increase of  
life span and the simultaneous combinat ion of  360 mg/kg NMF with 30 
mg/kg menadione sodium bisulfite lead to  a 126% increase of  life span. 
The combined daily s.c. application of  360 mg/kg NMF with 30 mg/kg 
pyridoxal  hydrochlor ide  induced only a minimal difference compared 
to the daily application of  360 mg/kg NMF alone. The combinat ion of  
720 mg/kg NMF with 120 mg/kg sodium ascorbate applied in intervals 
of  48 h showed a 164% increase of  life span. In advanced M 5076 sarcoma 
the daffy s.c. application of  360 mg/kg NMF effected a 82% increase of  
life span and the combinat ion of  360 mg/kg NMF with 60 mg/kg sodium 
ascorbate effected a 135% increase of  life span. 

*Presented at the symposium on the "Biological Properties and Toxicity of Formamides", 
held at Aston University, Birmingham, U.K., in May 1986. 
tTo whom correspondence should be addressed. 
Abbreviations: NMF, N-Methylformamide; DMF, Dimethylformamide; ILS, increase 
in life span. 
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INTRODUCTION 

Thirty years ago the antineoplastic action of  N-methyl-formamide (NFM) 
in Sarcoma 180 and Ehrlich ascites tumour  was described for the first 
time [1,2]. In structure-activity studies NMF possessed the highest anti- 
neoplastic activity compared with almost 150 formamides or related sub- 
stances whereas dimethylformamide (DMF) and formamide acted only 
marginally antineoplastic. 

An early clinical trial of NMF in man showed hepatotoxici ty  which 
was an unacceptable side effect.  Therefore, the interest in further chemo- 
therapeutic studies was lost. NMF gained renewed attention due to its 
lack of  myelotoxic i ty  [4]. 

A more recent s tudy of  the NMF-induced hepatotoxici ty showed that  
NMF administered chronically was less hepatotoxic than the same dose 
applied as a bolus and also increased the anti tumor efficacy in the M 5076 
sarcoma. The reversibility of  the NMF-induced hepatotoxici ty  [4,5] and 
the absence of  myelotoxic i ty  of  that  drug [3--5] suggested further investi- 
gations. NMF possesses marked antineoplastic action not  only against 
murine turnouts [1,2,4,11] but  also against human xenografts implanted 
in mice [6] and yielded modest  antineoplastic activity in 2 recent phase 
! clinical trials [7,8]. The most  frequent  side effects in man are anorexia, 
nausea and hepatotoxic i ty  [7,8].  The combined effect  of  myelotoxic  drugs 
(cis-platinum or cyclophosphamide)  together with N-methylformamide 
in M 5076 sarcoma showed the advantage of the use of a non-myelotoxic 
compound  [9,10].  

Experiments in these laboratories showed a protective action of  sodium 
ascorbate, menadione sodium bisulfite and pyridoxal hydrochloride against 
the side effects of  500 mg/kg NMF applied for 8 days. Protective agents 
are only of  interest when the chemotherapeutic  agent used is not  diminish- 
ed in its activity. Therefore, it seemed of  interest to test the chemothera- 
peutic effect  o f  such a combinat ion in P 388 leukemia and M 5076 sarcoma. 
In spite of  the limited activity of  NMF against P 388 leukemia the question 
arose whether using different schedules of  NMF alone or in combination 
with other  substances could possibly achieve a significant tumour  inhibition. 

MATERIALS AND METHODS 

Female CD-mice (Charles River, Wiga, Sulzbach, F.R.G.) weighing 29-- 
31.5 g were housed in groups of  5 animals in Makrolon cages (type III) to 
test the influence of protective substances applied simultaneously with NMF. 
For the chemotherapeutic  s tudy female B6D2F~ mice {Charles River, Wiga, 
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Sulzbach, F.R.G.) weighing 24--26 g were housed in groups of 6 or 8 mice 
in Makrolon cages {type III). (The abbreviation B6D2F~ originates from 
C57/BL/6 X DBA/2 F~). The mice were kept in a laboratory at 25°C and 
a humidi ty  of 65 + 4% with 8 changes of air/hour. The mice received Altro- 
min N pellets and water ad libitum. 

Murine tumours  
The parent P 388 leukemia line was maintained in female DBA/2 mice 

by transplanting l 0  s ascitic P 388 cells intraperitoneally with transfers 
every 5 days. P 388 cells were implanted in the experimental groups at a 
dose of 106 cells/B6D2F~ mouse. The onset of t reatment  began 24 h after 
implantation and lasted for 16 days. The treatment and the control groups 
received 7.5% fructose solution twice daily (8 h). The mice were observed 
daily and after each death autopsy determined the presence of ascites, hepato- 
splenomegaly or lesions of the brain, thyroid,  thymus, lymphnodes, heart, 
lungs, liver, stomach, intestine, spleen and kidneys. M 5076 sarcoma was 
kindly supplied by Dr. S.P. Langdon, Experimental Chemotherapy group, 
University of  Aston, Birmingham, U.K. and grown in C57/BL/6 mice after 
intramuscular injection during the first 6 passages. Former experiments 
with Lewis lung carcinoma showed, that  a transplanted metastasis tends 
to induce a markedly higher rate of  metastases than the primary tumour.  
Therefore, we used also in M 5076 sarcoma the same method for each 
second serial transplantation with the aim to increase the rate of metastases 
in several organs. The next  15 passages were done by serial implantation 
of  metastases of  the ovaries instead of  primary tumour.  During that  period 
of transfers a marked increase of metastases of  the liver and partially of  
the lung occurred. There exists no direct comparison between the primary 
M 5076 sarcoma and its metastases. The turnout was minced and 0.1 ml 
of  a suspension of  1 ml minced tumour  or metastases were injected into 
the right hind leg. The tumour  or the metastases were used for serial trans- 
plantation from the donor  mice 14 days after transplantation. 

An advanced M 5076 sarcoma was used for the experiment with a tumour  
weight at a range of 2.8--3.5 g (17 days after implantation). The mice were 
observed daily in the same manner as described for P 388 leukemia and 
dead animals were autopsied and examined for primary tumour  and metas- 
tases but also for pathologic changes of the brain, thyroid,  thymus,  lymph- 
nodes, heart, lungs, liver, stomach, intestine, spleen and kidneys. 

The chemotherapeutic effect of the antineoplastic drugs or their com- 
binations was determined by the mean survival time (MST) in days (mean 
+ S.D.) and by the increase of life span (ILS} in per cent. 

ILS% = 
MST of treated -- MST of control 

× 100 
MST of control 

The differences of  the chemotherapeutic action between the treated groups 
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were calculated by the log-rank test at a significance level of P <: 0.05. {N. 
Mantel, modified by J.G. Kalbfleisch and R.L. Prentice [7]).  

Substances 
Cyclophysphamide was donated as pure substance by Asta, Brackwede, 

{F.R.G.). Menadione bisulfite was purchased from Sigma, St. Louis, (U.S.A.) 
and pyridoxal-hydrochloride from Serva Feinbiochemica, Heidelberg 
{F.R.G.). Sodium ascorbate was supplied by Merck, Darmstadt (F.R.G.) 
and N-methylformamide by Fluka, Buchs {Switzerland). All substances 
were dissolved in 7.5% fructose. Eight hours after NMF application all 
groups treated with NMF (360 mg/kg) obtained 7.5% fructose 0.1 ml/10 g 
body weight subcutaneously.  The groups treated with NMF (720 mg/kg) 
obtained, 8 and 24 h after application, 7.5% fructose 0.1 ml/10 g body  
weight subcutaneously.  Substances were dissolved in a concentration that  
allowed individual dosing by body  weight in a constant  volume of 0.1 
ml/10 g body  weight. The solutions were applied subcutaneously into the 
neck region. 

RESULTS 

The susceptibility to the toxic effects of  NMF {anorexia, fatigue, lethargy, 
loss of  body  weight) appeared to be influenced not  only by the strain but  
also by the body weight at onset  of the experiment. Mice with a body  
weight of  20 g are more susceptible to NMF than mice of  the same strain 
with a weight of about  30 g {Table I}. 

Tolerance to the toxic effect  of  NMF was slightly improved when glucose 
or fructose solution were used instead of  saline. The results shown in Table 
I indicate that the daily subcutaneous application of 500 mg/kg NMF for 
8 days (group 1) induced an increasing loss of  body  weight and a mean 
survival time of  11.5 days of  the 4 mice of  which only one survived the 
toxicity of  NMF. The combined application of  NMF and sodium ascorbate 
in group 2 prevented lethal effects,  and the loss of  body weight was dimin- 
ished. The same results were obtained with the combined application of  
NMF and menadione sodium bisulfite {group 3) or of  NMF, and pyridoxal 
(group 4). The decrease of the toxici ty of  NMF does not  entail implicitely 
an improvement  of  the chemotherapeutic  index. Therefore, it seemed 
unsuitable to perform a more detailed s tudy of  the influence of  ascorbate, 
menadione or pyridoxal on the toxic action of NMF before these combin- 
ations were tested in P 388 leukemia and M 5076 sarcoma with regard to a 
possible improvement  of  the chemotherapeutic  action. 

The comparison of different schedules of  NMF which ,w~re based on 
the same total dose (Table II) indicates a signficant advantage of the inter- 
mit tent  high dose regimen (group 6) over the daily t reatment  with 360 
mg/kg NMF (group 3), whereas divided high doses applied in intervals of 
3 or 6 h (groups 4, 5) showed a diminished chemotherapeutic efficacy 
dependent  on the increase of  the interval between the applied doses. Corn- 
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TABLE I 

DIFFERENT TOLERANCE OF FEMALE CD-1 MICE (WEIGHING 29--31.5 g) TO 
N-METHYLFORMAMIDE APPLIED SUBCUTANEOUSLY DEPENDENT ON SIMUL- 
TANEOUS COADMINISTRATION OF SODIUM ASCORBATE, MENADIONE SODIUM 
BISULFITE OR PYRIDOXAL HYDROCHLORIDE (DISSOLVED IN 6% GLUCOSE, 
APPLICATION OF NMF OR NMF-COMBINATIONS: DAYS 1--8) 

Group Drug Doses 
(application) (mg/kg) 

Body weight (mean ± S.D.) in grams Died/group 
- -  m e a n  survival 

Day 1 Day 8 Day 12 time (days) 

1 NMF (s.c.) 500 30.1 --4" 1.0 22.2 ± 2.4 20.3 ± 0.9 

2 N M F *  500 30.3± 1.1 2 5 . 9 ± 0 . 9  25.7_+1.6 
sodium ascorbate 100 
(s.c.) 

3 NMF + 500 30.2_+0.9 2 6 . 1 ± 1 . 0  25.4 ±1.3  
menadione sodium 60 
bisulfite (s.c.) 

4 NMF + 500 30.3± 1.2 25.6_+2.1 24.9_+4.3 
pyridoxal 80 
hydrochloride 
(s.c.) 

4/5 
11.5 ± 1.23 
0/5 a 
> 30 

0/5 a 
> 30 

0 / 5  a 

:> 30 

aRegaining of the pretreatment body weight 8 days after cessation of the treatment. 

paring the increase of life span of daily treatment with NMF (group 3) 
to the pyridoxal, menadione or ascorbate combination with NMF (groups 
7, 9 and 11) the menadione-NMF and the ascorbate-NMF combinations 
(groups 9 and 11) are of significant advantage. The daily application of 
30 mg/kg pyridoxal, 30 mg/kg menadione or 60 mg/kg ascorbate (groups 8, 
10 and 12) is ineffectual, this is true also for higher doses applied inter- 
mittently (not mentioned in the table). 

A similar result was obtained with the intermittently applied high dose 
of 720 mg/kg NMF (group 6) and the combinations with the protective 
substances (groups 13, 14 and 15). The increase of life span in the pyridoxal- 
NMF combination (group 13) was smaller than the intermittent NMF 
monotherapy (group 6), whereas the differences in the increase of life 
span are significant between the intermittent NMF monotherapy (group 
6) and the menadione-NMF {group 14} or ascorbate-NMF combination. 
An advanced M 5076 sarcoma with a tumour weight of 2.8--3.5 g was 
chosen (Table III) for comparing NMF monotherapy (group 2) with 2 
ascorbate-NMF combinations in which different doses of ascorbate (40 
mg/kg or 60 mg/kg) were used {groups 3 and 4). The modulation of the 
chemotherapeutic action of NMF by sodium ascorbate corresponds to 
the dose of sodium ascorbate. The higher dose of sodium ascorbate applied 
simultaneously with NMF induced a marked difference (group 4) compared 
to NMF monotherapy (group 2) whereas the monotherapy with 60 mg/kg 
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T A B L E  II 

INFLUENCE OF DIFFERENT SCHEDULES OR THE COADMINISTRATION OF 
SODIUM ASCORBATE, MENADIONE SODIUM BISULFITE OR PYRIDOXAL 
HYDROCHLORIDE ON THE ANTINEOPLASTIC ACTION OF N-METHYLFORMA- 
MIDE IN LEUKEMIA P 388 IMPLANTED INTRAPERITONEALLY WITH 10' P 388 
CELLS 
Strain: Female  B,D2F , mice weighing 24--26 g. Control  group: 8 mice, t reated group: 
6 mice. Onset of  t r ea tment :  24-h after  implanta t ion  of  the leukemic  cells. Durat ion 
of  t r ea tment :  16 days). 

Group Drug Doses/week Mean survival t ime ILS 
No. (applicat ion) (mg/kg)  (days, mean ± S.D.) % 

schedule range (days) 

1 Fructose  (sc.) 2 × 750 (8 h) 9---9.5--10 
(Control)  (days 1---6) ± 0.5 

2 Fructose  (sc.) 2 × 750 (8 h) 9- -9 .5- -10  
(Control )  (days 1,3,5 ) + 0.5 

3 NMF (sc.) 360 15--17.3--19 
(days 1--6) ± 1.7 

4 NMF (sc.) 2 × 360 (3 b)  17--19.5--22 
(days 1.3,5) ± 2.1 

5 NMF (sc.) 2 × 360 (6 h) 17--18.5--22 
(days 1,3,5) ± 1.9 

6 NMF (sc.) 720 22--23.0--24 
(days 1,3,5) ± 0.9 

7 NMF + 360 17--19.3--19 
pyr idoxal  (sc.) 30 ± 2.3 
hydrochlor ide  (days 1---6 ) 

8 Pyridoxal  (sc.) 30 10--10.3--11 
hydrochlor ide  (days 1--6) ± 0.5 

9 N M F  + 360 18--21.5--23 
menadione  (sc.) 30 ± 0.9 
sodium bisulfite (days 1---6) 

10 Menadione (sc.) 30 10--11.1--12 
sodium bisulfite (days 1--6) _+ 0.8 

11 NMF + 360 21--22.2--24 
sodium (sc.) 60 ± 1.2 
ascorbate (days 1---6) 

12 Sodium (sc.) 60 10--10.8--12 
ascorbate (days 1---6) ± 0.8 

13 NMF + 720 19--21.2--22 
pyr idoxal  (sc.) 60 ~ 1.2 
hydrochlor ide  (days 1,3,5) 

14 NMF + 720 23--23.8--25 
menadione  (sc.) 60 ± 0.8 
sodium bisulfite (days 1,3,5) 

15 NMF + 720 24--25.1--28 
sodium (sc.) 120 _+ 1.5 
ascorbate (days 1,3,5) 

82 

105 

95 

142" 

103 

8 

126"*  

16 

133"**  

14 

123 

151 

1 6 4 " * * *  

Comparison of  the differences of  the mean survival 
by rank sum test  at a significance level of  P < 0.05. 
*Group 3 vs. group 6 ; P  = 0.0014.  
**Group  3 vs. group 9; P = 0.01. 
***Group  3 vs. group l l ; P  = 0.008. 
****Group  6 vs. group 1 5 ; P  = 0 . 0 0 6  

t ime between the t reated groups 
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TABLE III 

MODULATION OF THE ANTINEOPLASTIC ACTION OF N-METHYLFORMAMIDE 
BY SODIUM ASCORBATE IN ADVANCED M 5076 SARCOMA IMPLANTED 
INTRAMUSCULARLY 

(Strain: Female B,D:F I mice weighing 24--26 g. Control group: Nine mice, treated 
group: Six mice. Onset of treatment (17 days after inoculation) at a range of tumour 
weight of 2.8--3.5 g. Duration of treatment: three weeks. 

Group Drug Doses/week Mean survival ILS 
No. (application) (mg/kg) time (days) (%) 

schedule Range (days) 

1 Control 750 26--27.9--31 -- 
fructose (s.c.) (days 1--5) _+ 1.8 

2 NMF (s.c.) 360 41--50.8--56 82 
(days 1--5) -+ 6.1 

3 NMF * 360 58--60.8--56 118 
sodium 40 _+ 2.1 
ascorbate (s.c.) (days 1--5) 

4 NMF + 360 62--65.7--69 135 
sodium 60 _+ 2.5 
ascorbate (s.c.) (days 1 --5 ) 

5 Sodium 60 28--30.2--38 8" 
ascorbate (s.c.) (days 1--5 ) _+ 1.8 

6 Cyclophosphamide 120 33--36.0--39 29 
(s.c.) (day 1) _+ 2.3 

Comparison of the differences of the mean survival time 
by rank sum test at a significance level of P < 0.05. 
*Group 2 vs. group 5;P = 0.015. ILS, Increase in life span. 

between the treated groups 

sodium ascorbate  did n o t  yield an increase o f  life span. In con t ras t  to  the  
marked  ef f icacy  of  c y c l o p h o s p h a m i d e  in the early stage of  M 5076 sarcoma 
it is, c o m p a r e d  with the NMF t rea tment ,  on ly  marginally active in the 
advanced t umour .  

DISCUSSION 

NMF m o n o t h e r a p y  induced an increase o f  life span in P 388 leukemia 
which exceeds  142% when an in t e rmi t t en t  dose regimen was used. Fur the r  
studies have to  test  the  rat ionale for  investigating combina t ions  o f  NMF 
with n o n - m y e l o t o x i c  drugs ( h y c a n t h o n e  or  nitracrine) with the aim to  
seek combina t i ons  with chem othe rapeu t i c  synergism. 

The enhanced  chem othe rapeu t i c  ac t ion o f  NMF in P 388 leukemia  by 
combin ing  it with menad ione  sodium bisulfite or  sodium ascorbate  is diffi- 
cult  to  explain.  The reason for  using also pyr idoxa l  s imul taneous ly  with 
NMF is the  great  impor t ance  o f  pyr idoxa l -5 ' -phospha te  which func t ions  
in m a n y  e n z y m e s  in a Schiff  base mechan i sm concern ing  primari ly the 
monox ida t i ve  amino  acid metabol i sm [12] .  Menadione  sodium bisulfite 
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was used in combination with NMF due to its inhibition of tumour growth 
[13,14] which may be related to the depletion of the acid soluble thiol 
pool and/or NADPH pool. Further experiments in which menadione bi- 
sulfite is used in divided doses combined with NMF should be performed. 

An explanation of the modulation of the chemotherapeutic action of 
NMF by sodium ascorbate may be much more complicated since different 
effects of that vitamin may be involved. Ascorbate plays an important role 
in several mixed function oxidation reactions involving molecular oxygen 
[15]. The biosynthesis of carnitine from lysine involves 2 ascorbate-depen- 
dent hydroxylations, whose co-substrate and co-factor requirements seem 
to be identical to those of collagen synthesis [16]. Ongoing experiments 
combining NMF with L-carnitine in P 388 leukemia indicate that L-car- 
nitine improves the chemotherapeutic action of NMF compared to mono- 
therapy with NMF. These findings may support the assumption that as- 
corbate influences the action in different ways. Furthermore ascorbate 
may be capable of modulating prostaglandine biosynthesis [8,17,18]. 

Another experiment with M 5076 sarcoma combining 5 mg/kg piroxicam, 
a non-steriodal anti-inflammatory drug, with 360 mg/kg NMF showed a 
highly synergistic effect compared to NMF monotherapy whereas treat- 
ment with 5 mg/kg piroxicarn alone was ineffective. These results may 
support the assumption that different effects of ascorbate are involved 
in the combined action of NMF and ascorbate. 
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