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AN INVESTIGATION ABOUT THE FORMATION OF N-NITROSOMAPROTILINE UNDER
PHYSIOLOGICAL CONDITIONS

FIZYOLOJIK KOSULLARDA N-NITROZOMAPROTILIN OLUSUMUNUN ARASTIRILMASI
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In this study first N-nitroso derivative from maprotiline
hydrochloride which is a therapeutic agent comprising
secondary amine group in its structure, was synthesized
and characterized by IR-, {H NMR spectroscopy and
Mass spectrometry and secondly the formation of N-
nitrosomaprotiline under simulated stomach conditions
was examined and the amount of N-nitrosomaprotiline
was determined colorimetrically. Under physiological
conditions the yield of N-nitrosomaprotiline was found
1o be 0.35%. Ascorbic acid added to the reaction medium
is able to inhibit the formation of NOM up to 80.6%.

Calismamn ilk asamasinda sekonder amin grubu
iceren bir ilag maddesi olan maprotilin hidrokloriiriin
N-nitrozo tiirevinin sentezi yapuldi. N-nitrozomaprotilinin
(NOM) yapusy, IR-, TH NMR  spetroskoposi ve MS
spektrometrisi ile aydinlatildy. Ikinci asamada fizyolojik
sartlarda NOM olusumu incelenerek miktar kolorimetrik
bir yontem ile tayin edildi. Fizyolojik kosullarda N-
nitrozomaprotilin verimi %0.35 olarak bulundu. In-
kiibasyon ortamina ilave edilen askorbik asidin NOM
olusumunu %80.6 ya varan bir oranda inhibe ettigi
gortildi.
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Introduction

It is now clearly established that N-nitroso
compounds are carcinogenic in a variety of
organs and many animal species (1,2). N-nitroso
compounds have been shown to occur in food
products, water, alcoholic beverages, industrial
products, agricultural products, cosmetics,
drugs, tobacco products, and human biological
fluids (3,4). N-nitroso compounds are formed
by a reaction betweeen nitrite and secondary,
tertiary amines or amides at acid pH. The human
stomach provides an acidic milieu that favors
the formation of nitrosamines endogenously.
Drinking water and food are common sources
for nitrite and nitrate.

Because of the presence of amine or amide
groups many orally administered drugs were
found to react with sodium nitrite in vitro under
simulated human stomach conditions to yield
N-nitroso compounds (5-10). Only some of
N-nitroso compounds formed could be isolated
as the pure compounds (11-16).

In this work we first synthesized and cha-
racterized the N-nitrosomaprotiline (NOM)
from maprotiline hydrochloride which is
comprising a secondary amino group and
secondly we examined the formation of NOM
under simulated stomach conditions.

Maprotiline [3-(9,10-dihydro-9,10-
ethanoanthracen-9-y1)-N-methylpropylamine]

hydrochloride is widely used for the treatment
of major depression, often for long period and
orally (17). Therefore it is interesting to evaluate
the possibility that small amounts of N-
nitrosomaprotiline might arise in the stomach
of patients taking these drugs.

Material and Methods

Melting point was determined on a Buchi 530 melting
point apparatus. pH determinations were performed
at a Phillips pH Meter pW 9421. IR spectrum was
recorded on a Perkin Elmer 240 infrared spectrop-
hotometer. 1H NMR spectrum was determined by using
a Bruker AC 200L (200 MHz). Mass spectrometry
was performed on Hewlett Packard AEI MS-30
spectrometer. A Varian Series 634 double-beam
spectrophotometer was used for spectrophotometric
determinations. Pharmaceutical grade maprotiline
hydrochloride was obtained from Ciba-Geigy, Istanbul.
Other chemicals were purchased from Merck. All solvents
were of analytical-reagent grade.

Synthesis of N-nitrosomaprotiline: A solution of
maprotiline hydrochloride (1.0 mmol) in 20 ml of distilled
water was slowly added to the stirred solution over
a period of 15 min. The mixture was incubated for 2h
at room temperature. At the end of the incubation, the
mixture was extracted several times with dichloro-
methane. After the pooled organic phases were dried
with anhydrous sodium sulfate, the solvent was eva-
porated. The extarct was purified by preparative TLC
on silikagel GF54/366 using dichloromethane as solvent

system, and crystallized from methanol-dichloromethane
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Scheme. Nitrosation of maprotiline hydrochloride
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N-nitrosomaprotiline (NOM) (Scheme 1.), yellow
crystals 78% yield, m.p 119-120°C..
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Rf of N-nitrosomaprotiline
- Rf of free base

Its structure was confirmed by IR-,, TH NMR
spectroscopy and Mass spectrometry:

IR (KBr) : V= 1440 cm! (NO), TH NMR(CDCL3):

§1.61, 1.81 (2 m, -CHp- CHp-,4H), 2.24 (m,>-CHp-
2H), 2.48 (m, >-CH,-CH»-,2H), 3.17 (s,-CHz3,3H),
4.29 (t, anthracene C-10H, 1H), 4.4 (t, -NNOCHS3,
3H), 7.20-7.38 (m, arom. H, 8H), MS (EI): m/z 306
(15.6%), 278 (46.3%), 248 (100%), 204 (42%), 191
(38.7%), 178 (17.2%), 165 (5.1%), 44 (34%).
Nitrosation of maprotiline hydrochloride under si-
mulated stomach conditions: One-fifth of the usual
maximum dose of maprotiline hydrochloride (10 mg)
was dissolved in 100 ml of distilled water. 0.1 ml of
freshly prepared 0.64 M aqueous sodium nitrite solution
was added. Adjustments of different pH 2.0 to 5.0 were
effected by the addition of NaOH and HCI. The mixture
was incubated at 37°C for 1h. Incubations were conducted
in dark, with shaking. At the end of the incubation the
reaction was terminated by the addition of an excess
of sulfamic acid in order to decompose the residual nitrite.
The mixture was extracted twice with 20 ml of dich-
loromethane. After the combined organic phases were
dried with anhydrous sodium sulfate, the solvent was
evaporated. The amount of NOM was calculated from
the regression equation of the calibration graph.
N-nitrosomaprotiline was determined colorimetrically
according to the method of Eisenbrand and Preussmann
(18). For this purpose, the residue was dissolved in
5 ml of dichloromethane. One ml of this solution was
added to 2 ml of 0.24 M hydrogen bromide in glacial
acetic acid. After waiting at room temperature for 15
min the mixture was made up to 5 ml with the color
reagent. The color reagent is a mixture of equal volumes
of sulfanilic acid [(1%,; in glacial acetic acid (30%)]
and N-naphthyl-(1)-ethylenediamine dihydrochloride
[0.1%: in glacial acetic acid (30%)] After waiting for
10 min, the absorbance of the solution was read at 520
nm against the blank. A calibration graph was prepared
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using NOM between 0.5-5 pg ml-! (A=0.146C+0.012,
r=0.9989).

To determine the effect of the nitrite concentration
on the formation of NOM, the drug solution was adjusted
to pH 3 and stirred at 37°C. 0.1 ml of aqueous sodium
nitrite of varying concentrations was then added. After
incubation for 1h the NOM amount was determined
as described above.

To estimate the degree of inhibition of nitrosation
by ascorbic acid maprotiline hydrochloride was nit-
rosated under simulated stomach conditions at pH
3 described above in the precences of 5-40 mg ascorbic
acid.

Results and Discussion

N-nitrosomaprotiline, m.p. 119-120°C,
was synthesized in 78% yield by nitrosating
maprotiline hydrochloride with a 10 fold
molar excess of sodium nitrite for 2h at 37°C
in the presence of hydrochloric acid. 'THNMR
spectrum and IR-spectrum of the NOM differ
from those of maprotiline hydrochloride for
the disappearance of the NH signal (19). The
m/z peak in MS-spectrum confirmed the
molecular weight of NOM.

The amount of NOM was determined
according to the method of Eisenbrand and
Preusmann (18). The method based on the
cleavage of the N-nitroso group by means
of hydrogen bromide in glacial acetic acid.
The liberated NO+ is captured by diazotation
of sulfanilic acid and the resulting diazonium
ion is coupled with N-(naphtyl-(1)-ethylene
diamine.

The conditions such temperature, pH,
reaction time and sodium nitrite concentration
are closer to those occuring in the stomach.
The volume of a full stomach is normally
about 500 ml. We used 1/5 of this volume,
1/5 of the maximumu daily dose of maprotiline
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hydrochloride and 1/5 of the amount of the
daily nitrite intake. The time of emptying the
stomach depends on the nature of diet. Following
the intake of a normal meal it's about 60 min.
The optimum nitrosation of maprotiline
hydorchloride occurs between ph 2,5 and pH
3.0 (Table 1). The pH optimum found for
formation of NOM is in agreement with that
for N-nitrosation of secondary amines, which
has been described in detail by Mirvish (20).
Maximum nitrosation was observed at pH 3.0
with a yield of 0.35% (33.1 pg). The formation
of NOM was measured at pH 3.0 and 37°C
in the presence of varying concentrations of
sodium nitrite because of the variability of
nitrite concentration occur in the normal fasting
stomach and after consumption of meals
containing nitrite. The yield of NOM increased
as the concentration of sodium nitrite was raised
(Table 2). Ascorbic acid is known to reduce
the endogenous synthesis of N-nitroso com-
pounds (21,22). In order to examine to what
extent the nitrosation of maprotiline
hydrochloride was inhibited, the experiments
were carried out in the presence of ascorbic
acid. As shown in Table 3, ascorbic acid in-
hibited the nitrosation up to 80.6%.

Table 1. Effect of pH on the formation of NOM
(3.2)(10‘5 mol maprotiline hydrochloride,
6.4x10"5 mol sodium nitrite in 100 ml)

are small, the daily intake of such drugs over
a long period represents an increase in the
carcinogenic risk. Further studies are needed
to asses the potentially hazard of drug-nitrite
interactions in humans, especially those on
chronic medication where readly nitrosatable
drugs and high dietary intake of nitrite may
be involved. The readly nitrosatable drugs
might be employed in formulations containing
sufficent amounts of ascorbic acid, which is
known to hinder intragastric formation of
nitrosamine if the pharmacokinetic datas of
drugs are suitable.

Table 2. Effect of sodium nitrite concentration on the
formation of NOM (3.2x10-3 mol maprotiline

hydrochloride, 6.4x10-> mol sodium nitrit
in 100 ml, pH 3.0)

NaNOp . N-nitrosomaprotiline

mol g mol Yield (%)
1x103 287.5 0.9x10¢ | 2.96
7.5x104 166.5 | 0.5x106 | 172
5x104 72.2 23x107 | 0.74
1x10-4 48 .4 1.6x107 | 0.50
75x10°5 | 36.5 1.2x107 | 037
5%x10°5 18.5 6x10°8 0.19
1x10°5 10.2 3x10°8 0.10

N-nitrosomaprotiline

Table 3. The inhibition of the nitrosation of maprotiline
hydrochloride by ascorbic acid (3.2x1073
mol maprotiline hydrochloride, 6.4x10-5

pH pg* mol Yield(%)** mol sodium nitrite in 100 ml, pH 3.0)
2.0 21.2 6.9x10°% 0.22 Ascorbic acid [N-nitrosomaprotiline [[nhibition
2.5 25.5 8.3x10-8 0.26 (mg) ng (%)
3.0 33.1 1.1x10”7 0.35
3.5 18.2 5.8x10°8 0.19 : 33.1 -
4.0 16.7 5.4x108 | 0.17 13 34 19-1
45 127 | 42108 | 0.3 = 122 623
5.0 nd nd nd 30 o3 75
* The given values are mean values of at least two experi- 40 6.4 80.6
ments.
** Yields are calculated on the basis of initial maprotiline
hydrochloride concentration. References
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