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The present study was conducted to find out the deleterious effects of Auramine by studying cytogenetical parameters, namely chromosome aberration
(CA), mitotic indices (MI) and sperm head anomaly (SHA) in mice. Two different doses (10% and 15% of LD,,) of Auramine were fed to different
groups of mice to find out whether there is any appreciable difference in toxicity. Experiments were carried out at three different fixation intervals,
namely, 7D, 14D and 21D, maintaining suitable controls. The investigation reveals that feeding of dye induced geno-toxicity and cyto-toxicity. These
produced greater amount of CA, SHA along with a general increase in the MI in both Auramine10% and Auramine15% fed series with some degree of
variations. Thus, the increased level of genotoxicity and cytotoxicity could be attributed to chronic feeding of the chemical. Although our present
experiment was an initial attempt to test the toxic effects of Auramine in two different doses, hopefully it will open up new vistas to solve the critical

issues yet to be discovered.
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INTRODUCTION

or centuries various ingredients have served useful

functions in a variety of foods such as to enhance the
appearance and flavour of food and prolong its shelf life. In last
100 year the food industry has advanced rapidly and almost every
food stores are stacked with packed, canned and processed foods
which are laden with various artificial chemicals and dyes. More
than 3,000 food chemicals are purposely added to prolong the
shelflife".

Food colours which we encounter or consume without any
prior concern are often synthetic dyes or petroleum-based and at
times are not even purified chemicals”. These chemicals have a
deleterious effect on our health and some of these chemicals are
also carcinogenic in nature"”.

Auramine is a diarylmethane dye and a known food colouring
agent” which is readily soluble in water and ethanol. Its solubility
in water is 10 mg/ml H,O and chemically known as bis [4-
(dimethylamino) phenyl] methaniminium chloride, and
commonly used as a fluorescent stain, it is also used as a dye for
colouring leather, jute, tanned cotton and in paints. Further, it is
also for colouring ribbon, ink of ball point pens, oils and waxes
and in carbon paper. It is also used to colour smoke in fireworks
and has wide application in military®®. But the main concern
about this dye is its application in several foods for a yellow
colour'”. It is widely used in India to colour fresh peas™"” and in
China it has been reported that it is used in bean products'”.

Investigators reported that auramine is known to retard growth
and damage kidneys and liver and gave positive result in
differential toxicity assay, both in the absence and the presence of
metabolic activation". It also induced aneuploidy in wheat"”.
Commercial auramine induced DNA strand breaks in primary
cultures of rat hepatocytes and also induced DNA single strand
breaks in the liver and urinary bladder of intact rat has also been
reported by several workers'”. Scientific investigation by other
workers revealed that it inhibits sporulation of Bacillus subtilis""

and is also an inducing agent for toxicity in £ coli DNA pol-1
deficient strain’™'". It induces recombinogenic activity in
Saccharomyces cerevisiae D3 strain"™"". High frequency of
bladder tumor in workers engaged in the manufacture of
auramine has also been reported by other scientific
investigators'”. There are several case reports of incidence
bladder cancer among Swiss auramine-production workers "

Therefore, the present investigation was carried out to find out
the deleterious effects of auramine taking into consideration
different genotoxic and cytotoxic endpoints in mice.

MATERIALSAND METHODS

Healthy inbred strain of swiss albino mice (Mus musculus),
reared and maintained in the animal house of the Department of
Zoology (under the supervision of The Animal Welfare
Committee, F.N0.25/250/2012-AWD), Maulana Azad College,
Kolkata served as materials for the present investigation. Mice
were provided with food and water ad libitum. The experimental
protocols were in accordance with the guidelines laid down by the
Animal Welfare Committee, Maulana Azad College.

For the induction of toxicity, the feeding method was followed
which were earlier reported by several workers”' >, For the
cytogenetical (bone marrow chromosome aberration, mitotic
indices, sperm with abnormal head shapes) studies, experiments
were carried out at three different fixation intervals, namely, 7D,
14D and 21D, maintaining suitable controls”**".

Healthy mice weighing between 20 and 25 grams (about two
months old) were chosen for the present investigation. Mice were
fed with Auramine (10% and 15% of the LD, value respectively,
daily at 9:30 A.M.) (LOBA Chemie), 5 mice each were used in
each series for each fixation intervals.

For cytogenetical preparations, bone marrow cells were
processed for analysis of aberrations in somatic metaphase
chromosomes (7D interval only) and mitotic index (7D, 14D and
21D interval). For sperm head abnormality tests, testes from the
males were processed (7D, 14D and 21D interval). Total body
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weight of each animal and the weight of the tissues (namely liver,
spleen kidney and testis) individually were also determined after
they were sacrificed.

Study of Chromosomal Aberrations

Mice were injected intra-peritoneally with 0.03% colchicines
(SRL, India) @ 1 ml per 100 gram body weight, 1 hour and 15
minutes before sacrifice. Marrow of the femur was flushed in 1%
sodium citrate (hypotonic) solution (SRL, India), and brought
into suspension by repeated flushing in and out of a pipette with
rubber tit and incubated for 7-10 minutes at 37°C. The materials
were centrifuged for 6-8 minutes at 7000g and the supernatant
was discarded. The materials collected at the bottom of the
centrifuge tube were fixed in freshly prepared Carnoy's fixative (1
part acetic acid (SRL, India): 3 parts methanol (SRL, India)) and
resuspended by flushing. By centrifugation and decantation the
fixative was changed twice at an interval of 20 minutes. Materials
were dropped with the aid of a pipette from a distance of 1-1% feet
above on clean grease-free slides pre-chilled in 50% alcohol
(slides kept in 50% alcohol overnight in a freezing chamber of a
domestic refrigerator). The slides were flame dried by touching
on to a flame and allowing the alcohol and fixative to burn out.
The slides were then air dried for overnight keeping in a slanting
position. Slides were kept on glass rods in a horizontal position
and flooded with the diluted Giemsa (HIMEDIA). After about 45
minutes, the slides were rinsed in tap water and air dried. Then
they were scanned for suitable metaphase spreads.

Study of Mitotic indices

Bone marrow cells of control and treated series were smeared
uniformly on clean grease free glass slides. Semidried slides were
dipped in 90% ethyl alcohol briefly and allowed to air-dry. Air-
dried slides were stained for 5 minutes in May-Grunwald (SRL,
India)-Giemsa stain as per the routine procedure by mixing 1 part
of stock solution and 1 part of Double Distilled water. The slides
were rinsed in double distilled water and finally stained in diluted
Giemsa (1 part stock Giemsa and 10 part double distilled
water)™.

Study of Sperm Head Anomaly

The epididymis of each side of the male mice was dissected
out and taken separately into 5 ml of 0.87% normal saline. It was
made free of fats, vas deferens and other tissues. The inner content
of each side of the epididymis was taken out in normal saline and
the material was thoroughly shaken to suspend the sperm in saline
solution. The sperm suspension was filtered through silken cloth
to remove the debris and the filtrate was collected in a graduated
tube, more saline was added to make the volume 10 ml. The sperm
suspension thus collected, was put in the center of a clean slide
over which 0.02 ml methanol was added. The material was
allowed to dry. A drop of diluted Giemsa stock solution (6:1) was
put on the material. The material was covered with a cover glass
and sealed temporarily for observation as per the routine

procedure’™.

Calculation and Statistical analysis of cytogenetical studies

The differences in the frequencies of different types of
chromosomal aberrations, mitotic indices and frequencies of
occurrence of sperm with abnormal head morphology between
different experimental series were critically analyzed by
Student's t-test™”. The observer was initially "blinded" as to the
exact series he was studying and the coded slides were later
deciphered. Uniformity in scoring of data of the different series

was all along maintained.
Histo-Pathological Parameter
Tissue weight/Body weight Ratio (TW/BW)

The total body weight and the sexes of the mice were recorded
before they were sacrificed. The total body weight of each mouse
was recorded with the help of a pan balance After the mice were
sacrificed the liver, spleen, testes and kidney were dissected out
immediately and cleaned properly with the help of a clean forceps
and tissue paper. Then each organ was weighed with the help of a
digital Petit balance (BSA224S-CW). Then tissue weight and
body weight ratio was calculated by the following formula.

TW/BW = Individual Organ (Tissue) Weight / Total Body
Weight.

RESULTS
Chromosomal Aberrations (CA)

The frequency of total chromosome aberrations (CA) in
normal mice was 2.89%, which would be considered as the
baseline of spontaneous aberrations found in normal mice. In
Auramine-10% fed mice, the total chromosome aberrations were
22.33% at 7D and that of Auramine-15% fed mice were 19.66%.
The summarized data of CA in mice of different groups have been
presented in histogram (H.1). The differences were also analyzed
for their statistical significance and the levels of significance have
beendenoted inH.1.

Mitotic Index (MI)

The mitotic Index in normal mice was 2.33% which was
considerably increased in Auramine-10% fed series being 9.33%
at 7D, 4.33% at 14 D and 4.66% at 21D. In Auramine-15% fed
series, it showed similar trend being 7.66% at 7D, 6.00% at 14D
and 9.33% at 21D. The summarized data of MI in mice of
different treatment and control groups have been presented in
histogram (H.2). The statistical significances have also been
denoted in H.2.

Sperm Head Anomaly (SHA)

In normal mice 2.33% sperm showed abnormal head
morphology. Therefore this could be taken as the baseline data on
the incidence of abnormal sperm head as a result of background
effect. In the Auramine-10% fed mice, the frequency was
elevated, being 4.33% at 7D, 4.66% at 14D and 10.66% at 21D. In
Auramine-15% fed mice, the frequency was also gradually being
3.66% at 7D, 6.66% at 14D and 7.33% at 21D. The summarized
data of SHA in mice of different treatment and control groups
have been presented in histogram (H.3.). The statistical
significances wherever obtained have been denoted in H. 3.

Tissue weight/Body weight Ratio

The comparative data of tissue weight-body weight ratio as
obtained from the present investigation are summarized in the
table.1. The statistical significances are also denoted in the same
table (Table. 1). Some significant differences in Testis Weight/
Body Weight ratio were found both for Auramine 10% and
Auramine 15% at 7D and only for Auramine 10% at 14D.

DISCUSSION

The present work is an attempt to correlate between the
parameters under consideration to come in a probable conclusion
in such a way that modulations of one could in some way be
related either to the modulation of another parameter. As for
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Table 1: Tissue weight/Body weight ratio of mice of different series at different fixation intervals (7D, 14D and 21D).

Series 7D
LW/BW | Diff.in | SW/BW | Diff.in | KW/BW Diff.in TW/BW | Diff. in
+SE value +SE value +SE value +SE value
0.056 0.004 0.014 0.007
Normal 1 517 +0.000 +0.006 +0.000
Auramine 0.061 0.005" 0.008 0.004" 0.014 0.000" 0.006 0.001*
10% +0.002 +0.002 +0.001 +0.000
Auramine 0.057 0.001" 0.006 0.002 0.014 0.0126" 0.006 0.001"
15% +0.002 +0.000 +0.001 +0.000
Series 14D
LW/BW | Diff.in | SW/BW | Diff.in | KW/BW Diff.in TW/BW | Diff. in
+SE value +SE value +SE value +SE value
0.056 0.004 0.014 0.007
Normal 1, 017 0,000 +0.006 +0.000
Auramine 0.055 0.001" 0.005 0.001" 0.013 0.001" 0.006 0.001°
10% +0.003 +0.001 +0.001 +0.000
Auramine 0.060 0.024" 0.007 0.003" 0.014 0.0126" 0.008 0.002"
15% +0.006 +0.002 +0.001 +0.000
Series 21D
LW/BW | Diff.in | SW/BW | Diff.in | KW/BW Diff.in TW/BW | Diff. in
+SE value +SE value +SE value +SE value
0.056 0.004 0.014 0.007
Normal 1 5017 £0.000 +£0.006 £0.000
Auramine 0.050 0.006" 0.005 0.001" 0.013 0.001" 0.006 0.001"
10% +0.001 +0.000 +0.002 +0.000
Auramine 0.0058 | 0.0502" | 0.006 0.002" 0.017  0.0156"  0.006 0.001"
15% +0.011 +0.001 +0.007 +0.000
*p< 0.05, "p< 0.01, °p< 0.001, n = non-significant.
® Normal = Auramine 1074 Auramine 15%
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Figure 1 : Frequency distribution of chromosome aberrations (CA) in different
series of mice at 7D fixation interval.
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Figure 2 : Frequency distribution of mitotic index (MI) of bone marrow cells in
different series of mice at different fixation intervals (7D, 14D and 21D).
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Figure 3 : Frequency distribution of abnormal sperm heads (SHA) in different
series of mice at different fixation intervals (7D, 14D and 21D).

example, the mitotic indices (MI) can reflect the state of
divisional activity and the study of sperm head anomaly (SHA)
would throw significant light on spermatotoxic activity of the
harmful colouring agent.

It was clearly revealed from the present study that the feeding
of dye induced geno-toxicity and cytotoxicity. Administration of
auramine produced greater amount of CA, SHA along with a
general increase in the mitotic frequency of bone marrow cells
when compared to normal control. Thus, the increased level of
genotoxicity along with enhanced mitotic index could be
correlated with the progress of toxicity induced as a result of
chronic feeding of the chemical, auramine-10% and auramine-
15% which corroborated well with earlier studies. Treatment with
Auramine tended to elevate frequency of CA and MI of bone
marrow cells"". Incidentally Auramine which was earlier
concluded as a carcinogen of liver, bone marrow"” supports the
data ofincreasing CA in this study.

The more or less steady increase of MI percentage can be
concluded as an increase in cellular proliferation which is widely
recognized as a marker of carcinogenesis. The spermatotoxic

effects of auramine in germ cells of mice were evident from the
increasing frequency of sperm with abnormal head morphology.
This indicates that the cytotoxic effect of auramine was also
manifested in the germ cells. Further it has been suggested that
many enzymatic functions are essential for the normal integrity
and function of testis i.e. synthesis, development and
maintenance of normal sperm. From the present investigation we
can conclude that the two doses of auramine administration
somehow hampered the normal enzymatic functions thereby
showing an increase in abnormal sperm head shapes.

In all three intervals of this study it was obtained that there is
no significant change in tissue weight/body weight in case of
liver, spleen, kidney and testes and neither there is any abnormal
growth in these organs during the study period.

CONCLUSION

From the preliminary study, we can conclude that auramine
tend to show genotoxic and cytotoxic effect at 10% and 15% dose
in mice. More in-depth and long term study are required to assess
its proper effect and hopefully the present findings will open up
further fields of study to solve the critical issues yet to be
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discovered.
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