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ABSTRACT

The aim of this study is to investigate the urinexgretion of nitrosamine ions in rats, to inveat&the effect of
precursors of N-nitrosamine on serum enzymes #etvand to evaluate the toxicity on liver on expesto N-
nitrosamine precursors. Forty two male wistar ratsre divided into six groups and each group wasiauhistered
with varying doses of sodium nitrite and N-methiiae. The following methods were used; spectrophnatry,
thin layer chromatography, cell fractionation, cefitgation, dialysis, histopathology, enzymatic asalorimetry.
The RF values of the test samples were similandse of the test standard, signifying the presefidénitrosamine
in the urine of the rat. Liver function test, shawsgnificant elevations (P < 0.05) in the AST, ABKLP and GGT
activities in all the test groups compared with tantrol. Histological evaluation showed severe haehage
within the sinusoid, the portal triad was infilted by inflammatory cells in both Nah@duced group and NMA
combined with NaN@group, thus showing acute damage compared witledinérol group which showed no lesion.
The present study showed the urinary excretioritadsamine formed from N-methylaniline and sodilitrita, the
effect of N-methylaniline and sodium nitrite onusarenzymes and their toxicity on the liver of wistds.
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INTRODUCTION

N-Methylaniline is an aniline derivative and a precursor of nitmge among others. It is a toxic organic
compound with the chemical formulasfzNH (CHs). The substance exists as a colourless or sligrelpwish
viscous liquid, which is insoluble in water and Wwrowhen exposed to air. It is used as a latentcangling solvent
and is also used as an intermediate for dyes, hgnoicals and for manufacturing other organic preésl{ienkinset
al, 1972].

N-Methylaniline decomposes on heating and burnimgducing toxic fumes including aniline and nitragexides.
N-methylaniline reacts violently with strong aciadsd oxidants, and also affects some plastics. Nwitaatiline is
harmful if swallowed or inhaled or absorbed througk skin can cause methaemoglobinaemia, centrabne
system disorders, eye and skin irritation, lived &idney damage, gastrointestinal irritation witusea, vomiting
and diarrhoea [Gralladt al, 1979].

Nitrite is known to be a precursor of toxic andabaogenic N-nitrosamines [Bassir and Maduagwu, ]%f&l
induces cancer in experimental animals [Sen andi&adl997; Mirvish, 1995]. After ingestion, resitlnérite can
form traces of certain N-nitroso compounds in ttmmsach (where pH < 7) on reacting with secondarynam
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which might also be present in the ingested footNgD et al., 1984]. Nitrite can also interact witlaemoglobin by
oxidation of ferrous ion (F&) to ferric state (F&) preventing or reducing the ability of blood tarisport oxygen a
condition known as methaemoglobinaemia [Philip§,11Tannenbaum, 1984; Jones, 1993].

Nitrosamines are believed to be formed due to tieraction of various nitrosating agents (e.g.iteitmitrogen

oxide) and amines in the foods [Khodadadyal 2012]. Nitrosamine is found in many food stuffpedally beer

[Serag and Edrees, 2011], fish by products and eatnand cheese products preserved with nitriteingckalts.

Their existence has been confirmed in food prod{Mfang et al, 2005; Luque-Péreet al, 2001], cosmetic
products [Schothorst and Somers, 2005; Flogteal, 2006], tobacco smoke [Lee, 2007] soil [Raral, 2006],

ground water [Fu and Xu, 1995]. Most N- nitrosaesitike N-methylaniline and dimethylaniline haveebeshown

to be carcinogenic in laboratory animals [Preussmaard Stwart, 1984]. The N-nitroso compounds amnto be

acutely toxic, mutagenic, teratogenic and carcinageNo animal species is known to be resistantthite

carcinogenicity effect of nitrosamines and othemiMeso compounds [Koudat al, 1998; Kamendulis and
Corcoran, 1994; Hildesheet al, 2001]. Naturally N-nitrosamines could be foundhagsult of biological, chemical
or photochemical processes [Ayanaba and Alexai@&d].

The urine is the major routes through which driigseign compounds and their metabolites are elitethdrom the
body of both animals and human [Magee and Barn@s6]1 At reasonable concentrations nitrite is rgpi&hd
extensively excreted in urine and thus does natiractate in tissues [Vandevenne et al, 2000].

In a healthy organism only small amounts of intHat@ enzymes are present in the blood plasmawhen an
organ is diseased, a greater amount of its enzyreeally escape resulting in an increase, often ethik their
activity in the plasma. Changes in serum alkalihegphatase (ALP), alanine aminotransferase (ALBGPT),
aspartate aminotransferase (AST or SGOT) and hs@drum proteins may suggest liver toxicity [Mwaet al,
1997] [Kamendulis and Corcoram, 1994]. These charmgeild be as a result of cellular damage due seadie
conditions or due to hepatocellular damage caugedhhous foreign compounds [Lum et al, 1972]. Hxtent of
the rise in serum activity of these enzymes dependbe concentration in the tissue, severity efdisease and the
rate at which xenobiotics is removed from the plasjdaplan, 1985] The Objective of this research is to
investigate the urinary excretion of nitrosaminesian rats, to investigate the effect of precursdrhl-nitrosamine
on serum enzymes activities and to evaluate thieitgxon liver tissues on exposure to N-methylaréliand sodium
nitrite.

MATERIALS AND METHODS

Chemical and reagents:Sodium nitrite (NaN@ Mol. wt 69), N-Methylaniline (gHsNH (CHs) Mol. wt 107.15)
were obtained from Sigma (USA). Others reagentshsas alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ABRYl gamma- glutamyl transferase (GGT) were fromdRea
Laboratories Ltd, United Kingdom. All the other ahieals and test kits used were of analytical grade

Experimental Animals: The experimental animals used in this work wereenadtbino rats Rattus norvegicysof

the wistar strain. They weighed between 180g ar@y28nd were obtained from the animal house of Mfetey
Physiology Department, University of lIbadan, whéney had been fed commercial rat pellats libitum and
allowed access to clean drinking water. Only thoseified free of infection by the Veterinary palibgist were
used. They were kept at room temperature (apprdeijn28C) and all test animals were acclimatized to their
environments before experiments were begun.

Animal treatment: Animals were divided into six groups and were giveodium nitrite [NaNg] and N-
Methylaniline [NMA] orally through intubation.

Group A- received a combination of 50mg of NMA &@0mg of NaNQ@kg.
Group B- received a combination 25mg of NMA and@gMNaNQ/kg.
Group C- received a combination 25mg of NMA andrh@WNaNG/kg.
Group D- received normal feed with water (control).

Group E- received 50mg NaN@®g.

Group F- received 25mg NaNg.
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Collection of blood samples for serum preparation

The rats were sacrificed within 24 hours afterah& dose of sodium nitrite and N-methylanilink the rats were
sacrificed by cervical dislocation. Blood was cotlrl with the capillary tubes from the eyes. Theoll was
collected in dry plastic or glass centrifuge tubEse blood was allowed to clot and immediately déurged at
2500rpm for 15 minutes in a table top centrifugd aerum was collected and preserved in a refrigesit(at 4C)

for a short time before the analysis. The activfyAlanine amino transferase (ALT) and Aspartatmifo
transferase (AST) were estimated using the metHddReitman and Frankel, 1957]. The activities ofk&line
Phosphatase (ALP) and Gamma — glutamyl Transfga€d) were determined in the serum samples using the
method of [Kleinet al 1960] and [Szasz 1969].

Histopathological analysis:Liver samples were immediately collected and fixedl.0% buffered formal saline
solution for a period of at least 24 h before Ipsthological study. Samples were then embeddediiafin wax
and five-micron sections were prepared with a yotaicrotome. These thin sections were stained thtmatoxylin
and eosin (H&E), mounted on glass slides with Cankdlsam (Sigma, USA) and observed for pathological
changes under a binocular microscope.

Collection of urine samples

The rats were administered with sodium nitrite Alohethylaniline. Then they were placed in metaboéiges with
separate facilities for collection of urine. Thésravere fed with pellet diet and drinking water vgiagenad libitum.
Urine was collected after six hours and the 24 sigmoduct pooled together. The samples were arthlyaiy or
stored in a refrigerator at 0.

Determination of nitrite in urine
The 24-hour urine was clarified by swirling withti#ated charcoal and filtered through Whatman Néltdr paper.
1ml of the filtrate was analyzed for nitrite usithg method of [Montgomery and Dymock, 1961].

Thin layer chromatography (TLC)

Thin layer chromatographic plates were prepared fiy cleaning the glass plates properly and finaith acetone.
50g of silica gel was mixed with 100ml distilled t@ain 250ml conical flask and shaken vigorously &out 1
minute. The mixture was then used to coat plat®s«(20 x 0.25cm) to a thickness of 0.5nm, arramye@uickest
TLC spreaders. Plates were left in air for aboutr80utes and then dried at 110°C in an oven foo@ré Plates
were stored in TLC plate container and activatstl pefore use.

The test samples were spotted on the thin laygegplalongside with N-methylaniline (NMA), morphairand
dimethylamine + HCL using a micropipette. The spetse allowed to dry and the plates developed énstilected
mobile phase (solvent mixture) N-Hexane - diethdet— dichloromethane (4:3:2) to a depth of 0.9eth [Daiber
and Preussmann, 1964].The plates were immersedasuth obtain an ascending chromatographic separait

the end of the run, the solvent was allowed to exatp from the plates.

Location and identification of the nitrosamines

The developed plate was allowed to dry in air foowt 5 minutes and a thin spray with Ninhyrin reggeas
applied. The moist TLC plate was irradiated witlrstwave, UV light (240nm) for a minimum of 15 mies. The
test nitrosamines precursors and urine extractideagified with respect to the positions of thenstard on the same
plate. Areas containing nitrosamine appeared pwrjile Ninhyrin reagent.

Data analysis
Statistical analysis was performed using the Migfibexcel 11.0 statistical package, all resultsemexpressed as
means = S.D. Comparisons within each group wer®peed using Studenttdest for paired and unpaired data.
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Table 2: Thin layer chromatogram of urine sampl

RESULTS AND DISCUSSION

Table 1: Thin layer chromatogram of pure nitrosamine standard

Substance streaked on RE Value Colour under UV | Spray reagent
TLC plates Light Colour
Methylamine 0.87¢ Blue -
Morpholine 0.879 Blue Brown
Diethylamine 0.879 Blue -
Diethylformamide 0.879 Blue -
N-methylaniline 0.914 Brown Yellow
Dimethylamine+HCL 0.750 Blue Purple
Diphenlnitrosamine 0.664 Blue Purple
Diphenylamine 0.807 Blue Purple

Substance streaked on

RF Value

Colour under UV

Spray reagent

TLC plates Light Colour
Test urine A 0.728 Blue Purple
Test urine B 0.814 Blue Brown
Test urine C 0.72¢ Blue Brown
Control D - - -
Test urine E 0.679 Blue Purple
Test urine F 0.812 Blue Purple

Table 3: Serum enzyme activities in rats given diffrent doses of NMA andNaNO,

es brats following oral administration of different d oses of NMA and NaN@

DIGNOSTIC SERUM ENZYMES GROUP A GROUP B GROUP C | CONTROLD | GROUPE GROUP F
AST (U/L) 70.75+1.76 61.97 +0.22 53.23+3.51 24.00 £ 0.045.87 £1.22 | 34.25+0.69
ALT (U/L) 89.00 +1.41 86.00 +2.82 70.50 +1.05 13.27 +4.3567.00+1.41 | 59.50 + 3.98
ALP (UL) 31443 +1.17)| 257.35+1.2p 24357+042 56.5646 | 129.19+1.50 93.49+0.99
GGT (VL) 39.18+4.26 | 36.28 +2 .57 30.39 £0.12 9.26+3.59527.21+459| 17.06+1.10
Values are mean +SD of 5 determinants
There was a significant increase (P-value < 0.05
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Figure 1: Activity of serum enzymes in rats given ififerent doses of NaN@ and NMA
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Histopathology sections of liver of rats administeed with different doses of NMA and NaNQ.

Figure 2: A photomicrograph of liver section of ra given a dose of 50mg/kg of NMA and 200mg/kg of M&D, showing severe
hemorrhage within sinusoid. The portal triad is infiltrated by inflammatory cells.

Figure 3: A photomicrograph of liver section of ratgiven a dose of 25mg/kg of NMA and 200mg/kg of N&X showing infiltration of
sinusoid by inflammatory cells.

X400
Figure 4: A Photomicrograph of liver section of ratgiven a dose of 25mg/kg of NMA and 100mg/kg of N&{ and showing hemorrhage
and portal triad by some leukocytes.
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X400
Figure 5: A photomicrograph of liver section of ratgiven a dose of 50mg/kg of NMA showing normal hepacytes, haemorrhage is seen
within the sinusoid which is attended by some inflmmatory cells.

X400
Figure 5: A photomicrograph of liver section of ratgiven only water (control) showing normal hepatoctes. No hemorrhage is seen.

DISCUSSION

Table.2 shows the results of the streaked substaoneTLC plate; there was a relationship in the \Rkues
obtained from the test samples of the wistar reg¢r@ated with N-methylaniline and NajN@ith the test standard.
The RFvalues of the various spots detected on TLC fotawisats were similar to those of test standare dimine
metabolites arising from metabolism of N-methylargl suggested that the compound was metabolizetioQrs
urine samples of rats given concurrent doses of éthghaniline plus sodium nitrite and single dosdsNs
methylaniline and sodium nitrite produce TLC spmtgsumes to be a nitrosamine as was clearly shawplep
produced by the spray reagent and equally suppdoyeelevation of serum enzymes in responds toirtheivo
toxicity of the produced nitrosamine.

Ordinarily, liver cell damage is characterizedabyise in serum enzymes like AST, ALT, ALP, etcrg&bar and
Williams, 2002). Serum enzyme activities, ALP, ASALT and GGT levels are widely used in animal stsdio
diagnose and observe the development of hepatiincgienesis. In this study, the values of mentiogpadmeters
in Figure.1 and Table.3 showed significant incre@e< 0.05) in the group administered concurrergedoof N-
methylaniline plus sodium nitrite and sodium nériand N-methylaniline only, when compared with thathe
control rats. The toxicological evaluation of tivet showed a steady elevation of the enzymestminaluced with
NaNQ, and NMA. It is known that these enzymes are mdimiynd on the liver in high concentration and where
the enzymes are found in high amounts in the seitusignifies that the liver has problem [Faziletial 2013]. The
high values of the activities of serum transamieasdkaline phosphatases ay@T, relative to control values are
indicative of severe intrahepatic cell damage duehe compound administered. Increased in serumnee
activities have been reported to occur in hepatoityxarising from the presence of foreign chenscalich as
nitrosamine in the system. It is reported thateéased nitrite level in rat given oral administrataf sodium nitrite
shows a significant increase in AST, GGT, ALT anglTAlevel [Emmaret al.,2006, Akpabicet al, 2013].
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Histological evaluation showed hepatic necrosidath NaNQ induced group and NMA combined with NahO
group, thus showing acute damage compared withctimtrol group which showed no lesion. Morphological
changes observed in the livers during necrosis wiendar in nitrite induced groups and nitrite pIN8/1A group.
However, rats given concurrent doses of 50mg/kd-dflethylaniline and 200mg/kg of Sodium nitrite praed
severe haemorrhage within the sinusoid; the ptrited was infiltrated by inflammatory cells (Fig). Rats given
25mg/kg of N-Methylaniline and 200mg/Kg of sodiuritrite indicated infiltration of sinusoid by inflamatory
cells (Fig. 3). Rats given 25mg of N-methylanilimed 100mg of sodium nitrite/kg showed hemorrhage @ortal
triad by some leukocytes and centrilobular necraffiscting about 40% to 60% of the liver lobulesg(F). Rats
given a dose of 50mg of N-methylaniline/kg showsarmal hepatocytes and few inflammatory cells (Big

It has been reported that there was a sequenstdldgical changes when combined dose of N-metiiian
dimethylaniline and sodium nitrite were administete rats [Abdo et al, 1990].

The metabolism of N-dimethylaniline has been stdidiemany species and in human tissues. It invodreymatic
N-demethylation, N-oxidation and ring hydroxylatiddhronic methaemoglobinaemia and erythrocyte hiesiso
with concomitant splenomegaly and other patholddiesions, were observed in mice and rats treatid W-
dimethylaniline. The application of 3 grams or mpex kg of body weight upon the skin of a rabbit fohour or
more always produced death. Increased blood methglehin levels, slight erythropenia, decreased loagabin
concentration, and reticulocytosis were observedadrkers exposed to N, N-dimethylaniline [Marlatlal., 1981].
However, chronic exposure of N-methylaniline waseed to cause Heart, kidney, and liver damagssibly as
secondary effects of haemolysis [Abdo et al, 1990].

The study showed the urinary excretion of nitrogamiormed from N-methylaniline and sodium nitritedait
effects on serum enzymes and liver of wistar rats.

ABBREVIATION

ALT : Alanine aminotransferase
ALP : Alkaline Phosphatase

AST : Aspartate aminotransferase
G . Gramme

NMA : N-methylaniline

NaNQ : Sodium nitrite

RPM : Revolution per minute

SD : Standard deviation

TLC : Thin Layer Chromatography
uv : Ultraviolet

puL : Microlitre

y-GT : Gamma-glutamyl transferase
RF : Retardation Factor
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