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Influence of N-methylformamide on the development, the NAD synthesis, and the activity of the ADPR
transferase of rat embryos

H. Kroéger, R. Gritz and H. Grahn
Robert Koch-Institur, Nordufer 20, D-1000 Berlin 65, West, April 16, 1982

Summary. When N-methylformamide is administered to rats on the 11th day of pregnancy approximately 50% of the
fetuses are resorbed and a reduced weight of the developed animals is found in comparison to the controls on the 21th day
(delivery by Caesarian section). The toxic effect is increased by using nicotinamide and methionine. If a combination of
these substances is employed practically all fetuses are resorbed. Tryptophan, however, has a considerably protective
influence.

N-Methylformamide has no influence on the NAD-synthesis induced by nicotinamide or tryptophan. It does, however,

inhibits the activity of the ADPR transferase.

Various workers, espgcially Lorke have performed embryo-
toxic studies with N-methylformamide which has a strong
embryotoxic effect'®. In this paper, we report on the toxic
effects of N-methylformamide on rat embryos, and on their
NAD synthesis, (nicotinamide adenine dinucleotide) its
effects activity on the ADPR transferase activity (this
enzyme is also designated as poly(ADPR)polymerase or as
poly(ADPR)synthetase. ADPR = adenosine diphosphateri-
bose).

Methods. Animal experiments. Wistar rats (on the 11th day
of pregnancy) derived from the ‘Zentrale Versuchstier-
Anlage of the Bundesgesundheitsamt Berlin’ were used for
the experiments. N-Methylformamide (1 ml/kg) and the
other substances (500 mg/kg) were injected i.p. These
substances were used because they interfere with NAD
metabolism’. The embryos were delivered by Caesarian
section on the 21st day of gestation. (Day one of pregnancy
was the day on which spermatozoa were found in the
vaginal smear.)

Determination of NAD+NADH,. This was performed
according to Nisselbaum and Green®.

Determination of the ADPR transferase. The nuclei were
isolated according to Blobel and Potter’; the activity of

enzyme within the nuclei was determined as described by
Kidwell and Burdette'¢,

Material. N-Methylformamide (Ega-Chemie, Berlin);
L-methionine (Schwarz-Mann, Orangebourg, N.Y.);
L-tryptophan, nicotinamide (Merck, Darmstadt); 1-methyl-
nicotinamide (Sigma, Munich); nicotinamide adenine
dinucleotide U-'*C, 265 mCi/mmole Batsch 21, CFA 497
(Amersham/Buchler, Brunswick).

Results. When N-methylformamide is administered i.p. to
rats on the 11th day of pregnancy, 44% of the fetuses are
resorbed (table 1). The remaining fetuses show a growth
retardation, as can be seen from a comparison of weight
with that of the controls. The rate of resorption is increased
by methionine and especially by a combination of nicotin-
amide and methionine. Tryptophan, on the other hand, has
a protective effect. A simultaneous administration of
methionine and tryptophan reduces the protective effect of
the tryptophan. Testing the substances alone, it can be seen
that the rate of resorption is only a little higher with the
combination of nicotinamide and methionine and with the
administration of 1-methylnicotinamide (table 2).

From these results we suggested that N-methylformamide
could be involved in NAD metabolism. We therefore

Table 1. Influence of different substances upon the embryonal development of rats

Experiment Total No. Total No. Embryos Embryos % weight % weight % weight % weight % weight
mothers  embryos alive resorbed MFA+ MFA + MFA + Substance Substance
%) (%) Substance  Substance Substance NaCl- MFA
NaCl- MFA Substance control
control

NaCl (0.15 M) 12 141 96.7 33 100 - - 100 119
N-Methylformamide 13 138 55.8 44.2 80.6 100 - - -
N-Methylformamide +
nicotinamide 10 107 57.9 42.1 64.4 76.6 66.8 - -
N-Methylformamide +
L-methionine 7 95 15.9 84.1 81.0 100.1 76.7 - -
N-Methylformamide +
L-tryptophan 11 120 79.9 20.1 89.3 106.2 82.5 - -
N-Methylformamide +
nicotinamide +
L-methionine 6 60 1.0 99.0 54.5 64.2 56.4 - -
N-Methylformamide +
L-tryptophan +
L-methionine 9 95 49.3 50.7 78.8 98.0 78.4 - -
Methylformamide +
N-methylnicotinamide 7 81 32.1 67.9 80.5 95.8 79.9 - -
Nicotinamide 7 71 96.3 37 - - - 96.3 114.6
L-Methionine 6 65 98.4 1.6 - - - 107.0 121.2
L-Tryptophan 10 103 96.3 37 - - - 108.2 128.8
Nicotinamide +
L-methionine 8 82 939 6.1 - - - 96.4 1147
L-Tryptophan+
L-methionine 9 90 98.3 1.7 - - - 101.8 121.1
N-Methylnicotinamide 7 88 88.4 11.6 - - - 1013 120.5

The substances (500 mg/kg) were given to the animals twice at intervals of 2 h. In the case of a combination with N-methylformamide
(MFA) (1 ml/kg), the substances were administered 1 h before MFA and 1 h after MFA.
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NaCl (0.15 M) 10 ml/kg ‘ —1
N-Methylformamide 1 mg/kg Without N-methylformamide [}

With N-methylformamide
L-Tryptophan 500 mg/kg
L-Tryptophan+ 500 mg/kg }
N-methylformamide 1 ml/kg
Nicotinamide + 500 mg/kg Activity of the ADPR-transferase in cell nuclei of
L-methionine 500 mg/kg } 100-day-old rat embryos under different treatments.
Nicotinamide + 500 mg/kg The nuclei were prepared from 20-30 embryos for
L-methionine + 500 mg/kg } 1 determination. The animals were killed 2 h after
N-methylformamide 1 mlkg i.p. application of the substances.

investigated the NAD synthesis it is known that tryptophan
as well as nicotinamide causes an increase of the NAD
content in animal cells, We tested the NAD synthesis in
11-day-old rat embryos. It could be seen that nicotinamide
led to a higher increase of NAD than L-tryptophan
(table 2). In neither case could a change in the NAD
synthesis due to the influence of N-methylformamide be
observed. We were also interested in the activity of the
ADPR transferase. For this purpose, we isolated nuclei of
11-day-old embryos and determined the activity of the
enzyme in vitro. The results of the experiments have to be
estimated with caution; however, it can be said that in
contrast to L-tryprophan, a combination of nicotinam-
ide+ methionine decreases the activity of the ADPR trans-
ferase (fig.). N-Methylformamide considerably inhibits the
activity of the enzyme. In the presence of L-tryptophan, the
decrease is lower.

Discussion. Since the publications of Warburg'!, it has been
known that NAD as coenzyme is involved in oxidation-
reduction processes. Experiences within the last few years
have shown that NAD also serves as a substrate.
ADP-ribosylation is a postsynthetic modification of pro-
teins'2. Caplan and Rosenberg!® concluded from their ex-
periments in 1975 that this metabolism is involved in
differentiation. Several indications of the last few years
have confirmed this postulate'*!>. Many results also give us
reason to assume that the metabolism of NAD is involved
in repair processes of the DNA'617,

We were able to demonstrate that the embryo-toxigenicity
of N-methylformamide is decreased by L-tryptophan, but
increased by a combination of nicotinamide and methio-
nine. These reactions indicate an involvement of NAD
metabolism. Even in teratological studies with cyclophos-
phamide, we found an increase due to nicotinamide and
methionine (manuscript under preparation). In former ex-
periments using cyclophosphamide - which has carcinostat-

Table 2. NAD content of rat embryos under influence of different
substances

Control + MFA
NaCl 0.199 0.222%
Nicotinamide 0.365 0.329
L-Methionine 0.245 0.252
L-Tryptophan 0.248 0.234
Nicotinamide + L-methionine 0.329 0.353
L-Tryptophan + L-methionine 0.245 0.257
N-Methylnicotinamide 0.235 0.268

The substances were i.p. administered to the animals on the
11th day of pregnancy and the embryos delivered by Caesarian
section for the determination of NAD 8 h later. N-Methylform-
amide (MFA): 1 ml g/kg. All the other substances: 500 mg/kg 1 h
before and 1 h after administration of N-methylformamide. For
each determination 5-8 animals were used. * Given as umoles
NAD +NADHy/g tissue.

ic as well as teratogenic properties - we observed a decrease
of the NAD conceéntration in tumors'®?°. Moreover, our
studies on ascites cells showed an accumulation of nicotin-
amide paraliel to the NAD decrease®?2. Since it is known
that alkylating substances activate the ADPR trans-
ferase?>?* the accumulation of nicotinamide found by us in
earlier experiments has also to be ascribed to this reaction.
Although we also observed an influence of N-methyl-
formamide upon the ADPR transferase of the embryos,
further studies will have to show in detail by which
processes the potentiating effect of nicotinamide and
methionine and the protective effect of L-tryptophan are
induced.

1 Thiersch, J.B., J. Reprod. Fert. 4 (1962) 219.

2 Oettel, J., and Frohberg, H., Naunyn Schmiedebergs Arch.
Pharmak. 274 (1964) 363.

3 Tuchmann-Duplessis, M., and Mercier-Parot, L., C. 1. Acad.
Sci. Paris 261 (1965) 241.

4 Roli, R, and Bir, F., Arzneimittel-Forsch. 17 (1967) 610.

5 Kreybig, v. Th., Preussmann, R., and Schmidt, W., Arzneimit-
tel-Forsch. 18 (1968) 645.

6 Lorke, D., Ber. Inst. Arzneimittel Bundesgesundheitsamtes /
(1978) 54.

7 Kréger, H., Gritz, R., and Grahn, H., in preparation.

8 Nisselbaum, J.G., and Green, G., Analyt. Biochem. 27 (1969)
212.

9 Blobel, G., and Potter, V.R., Science 154 (1966) 1662.

10 Kidwell, W.R,, and Burdette, E., Biochem. biophys. Res.
Commun. 61 (1974) 766.

11  Warburg, O., and Christian, W., Biochem. Z. 275 (1935) 464.

12 Chambon, P., Weill, J.D., and Mandel, P., Biochem. biophys.
Res. Commun. /7 (1963) 39.

13 Caplan, A.J., and Rosenberg, M.J., Proc. natl Acad. Sci. USA
72 (1975) 1852.

14 Morioka, K., Tanaka, K., Nakuo, T., Ishizawa, M., and Ono,
T., Gann 70 (1979) 37.

15 Claycomb, W.C., Biochem. J. 154 (1976) 387.

16 Durkacz, B.W., Omidiji, O., Gray, D.A., and Shall, S,
Nature, Lond. 282 (1980} 593.

17 Whish, W.J.D., Davis, M.J., and Shall, S., Biochem. biophys.
Res. Commun, 45 (1975) 722.

18 Holzer, H., and Kréger, H., Klin. Wschr. 36 (1958) 677.

19 Holzer, H., and Kroger, H., Biochem. Z. 330 (1958) 579.

20 Kroger, H., Ulrich, B., and Holzer, H., Arzneimittel-Forsch. 9
(1959) 598.

21 Kroéger, H., Rotthauwe, H.W., Ulrich, B., and Holzer, H.,
Biochem. Z. 333 (1960) 148.

22 Kroger, H., Rotthauwe, H.W., Ulrich, B., and Holzer, H.,
Biochem. Z. 333 (1960) 155.

23 Hilz, H, and Stone, P.R., Rev. Physiol. Biochem. Pharmac. 76
(1976) 1.

24 Purnell, M.R., Stone, P.R., and Whish, W.J.D., Soc. Trans. 8
(1980) 2.

0014-4754/83/010093-02$1.50 + 0.20/0
©Birkhiuser Verlag Basel, 1983



