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Abstract

Metanil yellow as a coloring agent is widely used in food industry to make food more
appealing, appetizing and informative. Regulatory organization like FDA maintains strict rules
but in our country coloring agents are at randomly used. This study is designed to evaluate
side effects of metanil yellow on central nervous system and gastrointestinal tract in mice.
Open field, hole board and hole cross tests were done to evaluate the effects of central nervous
system; while castor oil and magnesium sulfate induced diarrheal tests were done to observe
the effects on gastrointestinal tract. The mice were administered a dose of 5 gm/kg body
weight of metanil yellow considered as 1x dose (MTYX) and another dose of 20 gm/kg body
weight of metanil yellow considered as 4x dose (MTY4x). In the study, the metanil yellow
exhibited central nervous system stimulatory effects based on hole cross test (p=000***,
p=.003**, p=000***, p=.001***), hole board test (p=.03*, p=.005** p=.041*, p=0.018%),
and open field test (p=0.004**, p=.002**, p=.002**, p=.011*, p=0.008%*). On the other hand
gastrointestinal test results failed to show a significant effect (p=.04%).
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INTRODUCTION

Coloring agent used in food and pharmaceutical products is of natural or synthetic origin.
‘Metanil yellow’ is a yellow azo dye and is used extensively as a food colorant. It has
been classified under category Cll by the Joint FAO/WHO Expert Committee for Food
additives and available safety data is inadequate for evaluation. According to US, Food
and Drug Administration, ‘Metanil yellow’ has been allowed for external use only [Color
additive regulations, FDA, 2012].

Chemically ‘Metanil yellow’ is a sodium or calcium salt of [m-(p-anilinophenyl) azo]
benzene sulfonic acid and is made from diazotized metanilic acid and diphenylamine
(Srivastava et al., 1978; Ghosh et al., 2017). ‘Metanil yellow’ is highly-water-soluble and
due to the presence of chemical azo group which is toxic in nature; this dye is not
permitted for food materials. Therefore it is extensively used in the developing countries
as a colorant for sweet meat, confectionary products, cereals, ice-creams and beverages
(Gupta et al., 2003).

It is reported that ‘Metanil yellow’ alters hematopoietic system in rats and reduces mucin
secretion from intestinal cells in them (Khanna & Das, 1991). After oral administration,
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‘Metanil yellow” may cause toxic methaemoglobinaemia and cyanosis in humans
(Sachdeva et al., 1992) and also allergic dermatitis when it is in direct contact with the
skin (Hausen, 1994). Metanil yellow also has tumor-inducing effects and may create
intestinal and enzymatic disorders in the human body (Das et al., 1997). ‘Metanil yellow’
may cause normochromic macrocytic anemia and may markedly increase number of
lymphocytes and monocytes in human (Prasad & Rastogi, 1983).

Adulterations of food items with hazardous dyes impose adverse impacts on health. So
long-term consumption of these adulterated food items become a challenge especially in
developing and under developed countries (Nath et al., 2016; Sarkar & Ghosh, 2012). In
fact the use of non-permitted colors has major economic consequences on worldwide
food industries as well as on public health and society. As ‘Metanil yellow’ is widely
used in foods without safety concern, this study is designed to investigate the effects of
this agent on central nervous system and gastrointestinal in mice.

MATERIALS AND METHODS

Source: ‘Metanil yellow” was collected from local market of Dhaka, Bangladesh.

Study Plan:

a. Selection of animals: Female mice (Swiss-Webster strains, 25-35 gm body weight)
were chosen for the study. Mice were given with food and tap water ad libitum and were
maintained at constant room temperature (22.0 + 1.0° C), humidity 55-65% and 12 h light
/12 h dark cycle. Mice were divided in several groups having 6-10 mice in each group. In
each experiment, one group of mice was designated as ‘Control’ group where mice were
given distilled water and the other group designated as ‘Treated’ group where mice were
given ‘Metanil yellow’.

b. Dose and route of administration: In this study each mice of treated group was given
orally a dose of 5 gm/kg body weight of metanil yellow, considered as 1x dose (MTYX)
and also another dose of 20 gm/kg body weight of metanil yellow considered as 4x dose
(MTY4x).

Test for evaluation

a. Central nervous system effect

Hole cross test: A plastic partition plate was fixed in the middle of a cage (30x20x14cm,
in size). A hole (3 cm in dia), at a height of 7.5 cm was made in the center of the plate, so
that the mice can pass through it. Later on the number of passing out of the mouse
through that hole from one end of the cage to another for a period of 2 minutes at pre 30
min and post 30, 60, 120 and 240 minutes after the oral administration of the test drug
was recorded. Similarly records were kept for the control animals. The mice were kept in
an isolated and noiseless condition as described by Takagi et al., 1971.

Hole board test: A total of 16 holes (each was 3 cm in dia), were presented to the mouse
in a flat space of 25 square centimeters. Each mouse was transferred carefully to one
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corner of the field and was allowed it to pass the holes. Later on the number of
ambulation (expressed as the number of holes passed) was recorded. Similarly head
dipping and number of fecal boules excretion was recorded. In both cases records were
kept for a period of 2 minutes at pre 30 minutes and post 30, 60, 120 and 240 minutes
intervals. Results were compared with the controls treated with distilled water (Nakama et
al., 1972).

Open field: The floor of an open field of half square meter was divided into a series of
squares, each alternatively was colored with black and white. The number of squares
traveled by the test animal was recorded for a period of 2 minutes. The observation was
conducted at pre 30 minutes and post 30, 60, 120, and 240 minutes intervals. Test results
were compared with the results of control (Gupta et al., 1971).

b. Gastrointestinal effect

Castor oil induced diarrheal test: In this study Castrol oil induced diarrheal test was
conducted according to the method as described by Niemeegeers et al., 1976 and
Yegnanarayan & Shrotri, 1982. Here mice weighing 25-30 g was given Castrol oil (0.5
ml) p.o. and were observed carefully. Mice showing diarrhea were kept for further study.
Drug pre-treatment was given orally 1 hour before the mice were administered with the
standard dose of 0.5 ml of Castor oil. The animals caged individually and examined for
the presence of diarrhea on an hour basis for 6 hours after the Castor oil challenge.
Diarrhea was defined as the presence in the stool of fluidy material, which stained the
absorbent paper, placed beneath the cage. The number of respondents, the number of
stools passed during the 6-hours period was noted for each mouse separately.

MgSO, induced diarrheal test: Here the method as described by Zavala et al., 1998 was
followed. Mice weighing 25-30 g was given MgSO, (100 mg MgS0O./10 ml water) p.o.
and were observed carefully. Mice showing diarrhea were kept for further study. Drug
pre-treatment was given orally 1 hour before the mice were administered with the
standard dose of 1 ml of magnesium sulfate. The animals were caged individually and
examined for the presence of diarrhea on an hour basis every hour for 6 hours after the
Magnesium sulfate challenge. The number of respondents, the number of stools passed
during the 6-hour period was noted for each mouse separately.

Statistical Analysis: Experimental data were analyzed using SPSS Programme. Values
were expressed as Mean £ SEM (Standard Error of the Mean). Unpaired “t” tests and 5%
level of confidence were done as the test of significance (Daniel 1999; Glasnapp &
Poggio 1985; Hill & Hill 1991; Mahajan 1997; Snedecor & Cochran, 1973).

RESULTS AND DISCUSSION

Central nervous system test: Hole cross, hole board, and open field test were carried out
to get a clear picture on the effect of the coloring agent under consideration on the pattern
of behavior character by locomotion, spontaneous ambulatory activity, exploratory
activity and emotional defecation of animals.
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In hole cross test, results showed that for 1x dose, there was no significant differences in
locomotion compared to control group. On the other hand, for 4x dose, the control group
which received distilled water showed no movement through the hole and for that reason
control bar was not detected (Figure 1b). But the number of hole crosses were increased
for 4x dose coloring agent treated mice compared to that of control group. The results
were highly significant at 0, 30, 60, 120 and 240 minutes time periods (p=000***, 003**,
000***, 001*** and 000***) (Figure 1la and 1b).
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Fig. 1. Effect of Metanil yellow’ a. MTYx and b. MTY4x dose on hole cross test in mice

In case of hole board ambulation test, administration of ‘Metanil yellow’ at lower dose
(1x) showed a significant increase in ambulation at 0 min (p=.030*) and 60 min
(p=.005**) time intervals compared to control. For 4x dose, ambulation was increased at
each time interval. No significant results were observed except a significant increase at 0
min time period (p=.041*) (Figure 2a and 2b). In hole board head dipping test, head
dipping was decreased for 1x dose but was increased when it was 4x dose compared to
control group. No significant differences were found in both cases (Figure 3a and 3b).
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Fig. 2. Effect of ‘Metanil yellow’ a. MTYx and b. MTY4x doses on hole board ambulation
test in mice
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Fig. 3. Effect of ‘Metanil yellow’ a. MTYx and b. MTY4x doses on hole board head dipping
test in mice

Results showed no change up to 240 minutes in case of hole board defecation when it was
1x dose but a significant reduction in defecation was observed (p=.018*) during 240
minutes time period. Defecation was increased for 4x dose up to 240 minutes time period
in comparison with the control group but the results were not significant (Figure 4a and

4b).
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Fig. 4. Effect of “Metanil yellow” a. MTYx and b. MTY4x doses on hole board defecation test
in mice

Any centrally acting bioactive substance must have its effect on the normal behavior of
the animals. The open field test was designed to assess the effect of such substance on the
behavior activity on central nervous system of the animal. In case of open field test,
experimental data showed a slight decreased in movement when it was 1x dose of
coloring agent. Only the result of 240 minutes time period showed significant
(p=0.004**) reduction of movement. After oral administration of higher (4x) dose of
coloring agent, the movement decreased significantly at 30 min (p= 0.004**), 60 min (p=
0.002**), 120 min (p= 0.011*) and 240 min (p= 0.008*) time periods in comparison of
control group (Figure 5a and b).
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Fig. 5. Effect of ‘Metanil yellow” a. MTYx and b. MTY4x doses on open field test in mice
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Therefore, the result of neuropharmacological tests demonstrated that ‘Metanil yellow’
has profound CNS stimulant activity at a higher dose in mice.

Result for Gastrointestinal effects: Castor oil induced diarrheal test was performed to
investigate whether ‘Metanil yellow’ have any effect on the pattern of defecation on the
diarrheal model of experimental mice. For 1x dose, the result showed an increased in the
incident and severity of diarrhea at all time period except 5 hours. *‘Metanil yellow’ also
increased the fecal content at 1 hour, 4 hour, 5 hour and 6 hour time period without any
significant result when given at 4x dose. Significant reduction of defecation at 2 hour
(p=.04*) time interval was also found for 4x dose (Table 1).

Table 1. Effects of ‘Metanil yellow’ (MTYx and MTY4x doses) on the castor oil
induced diarrheal test in mice

GROUP No of Defecation (Mean+SEM)

1hr ] 2hr [ 3hr | 4hr | 5hr | 6hr

Control  6.500+2.513 4.167+1.448 2.333+.6147 1.333+.333 2.000+1.212 .500+.224

MTYx  7.333%1.994 4.500+.7189 2.333+.422 1.500+.619 .667+.333  .833+.167
t/p -.260/.801 -.206/.842 .000/1.000  -.237/.819  1.061/.331 -1.195/.262

Control  2.000+1.000 9.167+1.721 2.500+.429 1.167+401 .833+.167 .333+.210

MTY4x 3.500+1.025 4.500+.807 1.333+.422 1.333+.421 1.167+.167 .500+.223
t/p -1.048/.319 2.456/.043* 1.941/.081 -.286/.781 -1.414/.188 -.542/.600

p<0.05=*, p<0.01=**, p<0.001=***

In MgSQ, induced diarrheal test, at lower (1x) dose ‘Metanil yellow’ increased the
number of fecal discharge in mice compared to the control group without providing any
significant results. For 4x dose, ‘Metanil yellow’ showed an irregular pattern of
defecation in the experimental mice (Table 2).

The result of gastrointestinal test revealed that ‘Metanil yellow’ at both lower and higher
doses slightly enhanced diarrhea in test animal.

Table 2. Effects of ‘Metanil yellow’ (MTYx and MTY4x doses) on MgSO, induced
diarrheal test in mice

No of Defecation (Mean+SEM)

GROUP 1hr ] 2hr [ 3hr | 4hr [ 5hr [ 6hr
Control ~ 2.167+.980 3.167+1.077 .667+.333  .833+401  .833+.307 .500+.223
MTYx 3.000+.967 1.500+.763 1.000+516 1.667+.843 1.167+477 .500+.341
t/p -605/.558  1.262/.239  -542/.601 -.892/.401  -587/572 .000/1.000
Control 2.500+.563 1.500+.670  .500+.341  1.500+.921 .167+.167  .333+.210
MTY4x  2.000+.578 1.500+.806 .667+.333 1.167+.307 .333+.210 .167+.167
t/p .620/.549 .000/1.000  -.349/.734 .343/.743 -620/.550 .620/.550

p<0.05=*, p<0.01=**, p<0.001="**
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Central nervous system and gastrointestinal tests were conducted to testify whether
metanil yellow has any effect on the CNS and gastrointestinal tract. ‘Metanil yellow’
showed stimulatory effect on central nervous system revealed by increased number of
locomotion, ambulation, and emotional defecation. Various studies suggested that
consumption of metanil yellow in food may affect our nervous system revealed by
damaging adult or developing brain in Wistar rats. Long term administration of metanil
yellow also causes histopathological changes in brain tissue of rats (Nagaraja & Desiraju,
1993; Sarkar, 2013).

Castor oil and magnesium sulfate induced diarrheal test were performed to evaluate
gastrointestinal effect. Castor oil causes diarrhea due to its active metabolite, ricilonic
acid (Victoria et al., 2000; Park, 2000; Ammon et al. 1974) that stimulates the peristaltic
activity in the small intestine, leading to the changes in the electrolyte permeability of the
intestinal mucosa. Castrol oil stimulates the release of endogenous prostaglandins (Galvez
et al.,, 1993). Magnesium sulfate (MgSQ,) stimulates gastrointestinal movement by
increasing intestinal motility and acts as laxative. It may lead to intraluminal fluid and
electrolyte accumulation (Pasricha, 2006). Metanil yellow increases defecation rate
slightly in both castor and MgSO, induced diarrheal test. Metanil yellow consumed
through food enters digestive system and causes gastro-intestinal toxicity, hepatotoxicity
and damages the intestine (Nagaraja & Desiraju, 1993; Dome et al., 2017).

So the decision come from the study is that ‘Metanil yellow’ is detrimental for the
experimental rats. Consistent use of this coloring agent can cause serious effect on CNS.
Further study of ‘Metanil yellow’ is required to find out its toxic effect on human body.
Use of ‘Metanil yellow’ as food additive should be prohibited.
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