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Abstract: In the present work, we have evaluated the cytotoxic and genotoxic potentials of Omo® and Ariel®
detergents on the bone marrow  erythrocyte  of  Rattus  norvegicus  using  the  micronucleus  (MN)  and
nuclear lesion (NL) tests. The groups exposed to varying concentrations of the two detergents showed
statistically significant differences in MN and NL frequencies with respect to the control. Also, a significant
increase (p < 0.001) in micronuclei and nuclear lesion frequencies were recorded with increase in detergent
concentrations and period of exposure. The formaton of nuclear abnormalities confirmed the results of
induction of MN and are indications of genotoxic damage.
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INTRODUCTION major highways across the nation. Also, many egg

Detergent means any substance which has the ability prevent cracking of the egg shell during boiling and
to clean an object. This includes soaps, soap powders enhances peeling of the shell after boiling; however, it
and dish washing liquids. The major components of also lowers the fat-soluble vitamins, proteins, cholesterol
detergents are the surface active agents known as contents and fatty acid profile [2, 3]. Currently, many rural
surfactants. Most detergents contain a mixture of women in the eastern parts of Nigeria use detergents to
surfactants to boost detergency [1]. Commercial ferment cassava used for making fufu because it quickens
detergents also contain substances such as enzymes, the fermentation process. In all of these practices, residual
brighteners, builders and dyes. The most common builder detergents are deposited in the utensils, fruits and
used is sodium tripolyphosphate (STPP). Since vegetables, eggs and the fermented cassava, exposing
phosphates are good fertilizers, they cause the algal humans to daily intake of sub-lethal doses of detergents
bloom which leads to eutrophication and subsequently, by the oral route. These are not without some deleterious
pollution [2]. consequences though initially unnoticed.

In Nigeria, detergents have been deployed for many The nucleus is the organelle in the cell that contains
uses other than washing of household utensils and the genetic material (DNA) that directs normal cellular
dishes; for example, vegetables and fruits such as  carrots, function and cellular reproduction [4]. Chromosome
garden eggs, mangoes and oranges are washed with shape, size and number are constant for any species of
detergents to improve their appearance and acceptability organism. During cell division, the genetic material
by buyers. This is a common sight as one travels along replicates and then divides equally between the two

retailers boil eggs with detergent because it helps to



Number of cells containing micronuclei% frequency of MN =
total number of cells counted
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daughter cells that are produced. If  the process is and Ariel® detergent, manufactured by Proctor and
disrupted, or the chromosomes are broken or damaged by Gamble were procured from the local market.
chemicals or radiation, then the distribution of genetic
material between the two daughter nuclei during cell Animal Husbandary: Eighty healthy specimens of R.
division may be affected and pieces or entire norvegicus were procured from the animal house of the
chromosomes may fail to be included in either of the two University of Nigeria Nsukka in May, 2014. Their weight
daughter nuclei [5]. When this occurs, the genetic material was between 60 to 120 g. The animals were housed in
that is not incorporated into a new nucleus may form its wooden cages and allowed to acclimatize for two weeks
own ‘micronucleus’ which is clearly visible with a before commencing the research. Pelleted Growers® feed
microscope [6]. and water was freely given to the animals.

Exposure to toxic substances can damage the DNA
of living cells [7] and if not repaired, these DNA lesions Methods: The albino rats were grouped into eight of ten
can initiate a series of biological effects (consequences) rats each. Exactly 40 g of each detergent was weighed out
at the celluar, organ, whole organism and finally at the and dissolved in 100 ml of distilled water. The control rats
community and population levels [8]. were in group one, while the positive control rats which

A growing interest in genotoxicity caused by were given 20 g/kg body weight Cyclophosphamide were
genotoxic agents has led to the development of several placed in group two. Groups three, four and five were
techniques to detect directly the DNA damage and given 3.0, 2.0 and 1.0 g/kg body weight Omo® detergent,
identify such agents. These include measurement of respectively, while groups six, seven and eight received
micronuclei and other nuclear lesions frequencies, the 3.0, 2.0 and 1.0 g/kg body weight Ariel® detergent
presence of DNA adducts, chromosomal aberrations and solution, respectively. The rats were exposed to the
DNA strand break [9]. detergent solutions daily for 100 days. Three rats from

The micronucleus (MN) test is a part of the many of each concentration were sacrificed  by  cervical
tests that new products must go through before they are dislocation after 30 days, 60 days and 100 days of
introduced into the market. It is a mutagenic test system exposure. From each rat, five slides were prepared for
for the detection of chemicals which induce formation of micronucleus and nuclear lesion tests (based on the
small membrane bound DNA fragment [10]. In Nigeria method of Utulu and Bakare, 2010) [11]. From each animal,
today, people handle detergents carelessly because they 1000 cells were scored under x 1000 objective. The two
are ignorant of the consequences of exposure to this femurs were removed with the aid of surgical blades and
chemical substance. There is no doubt that detergent cleaned. The epiphysis was cut off and the bone marrow
poses  a   health   risk,   but    the   extent  of risk is not flushed with 1.0 ml fetal bovine serum (Sigma Aldrich
well  known  in  Nigeria.  Indeed,  the toxicity of Cheme GmbH, Germany), into 1.5 ml ependorf tubes that
detergents  to  humans  and  the environment has were clearly labeled to reflect the different groups and
received limited attention in Nigeria, as in many countries centrifuged at 2000 rpm for 5 minutes. The supernatant
in Africa. was removed and the pellet  resuspended  in  another 1.0

Evaluation studies of DNA damage using PCR and ml  fetal  bovine  serum  (FBS) in the ependorf tubes,
other methods is very expensive, hence there is need to mixed properly and centrifuged again at the same speed.
explore cheaper alternatives like micronucleus and nuclear The supernatant was again removed and 0.5 ml of FBS
lesion tests. was added to the pellet, mixed properly and smears made

Therefore, the present study was undertaken to in grease free frosted slides, fixed in methanol for 10
evaluate the genotoxic potential of sub-lethal minutes and left left to air dry at room temperature and
concentrations of Omo® and Ariel® detergents to the finally stained with 0.4% May-Gruenwald stain for 4
albino wistar (Rattus, Norvegicus) using the micronucleus minutes, followed by 5% Giemsa stain for 5 minutes. After
and nuclear lesion tests. dehydration through graded alcohol and clearing in

MATERIALS AND METHODS frequency was calculated as follows:

Test Substance: For this study, commercial-grades of
Omo® detergent, manufactured by Lever Brothers PLC

xylene, slides were mounted in DPX. Micronuclei
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Fig. 1: Percentage frequency of induction of micronuclei Bars with different alphabets are significantly different

Fig. 2: Percentage formation of nuclear abnormalities Bars with different alphabets are significantly different.
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Table 1: MN frequencies in the bone marrow erythrocyte of R. norvegicus exposed to Omo® and Ariel® at different concentrations and exposure times
Length of exposure (Days)
-------------------------------------------------------------------------------------------------------------

Detergent Concentration (g/kg) 30 60 100
Cyclophospamide 20.0 5.15±5.03  6.33±4.16  7.57±3.22
Omo  0.0 0.13±0.58  0.13±1.16  0.13±1.53 1,a a 1, a

 1.0 1.03±2.52  1.23±1.53  1.53±2.52 1,a 1, a 1, a

 2.0 5.30±7.00  6.40±3.46  8.50±2.00 2, b 2, b 2, b

 3.0 9.33±7.10 11.93±4.04 18.03±11.503, b 4, c 5, d

Ariel  1.0 0.90±2.00  1.13±1.12  1.67±1.53 1,a 1, a 1,a

 2.0 4.53±3.06  8.50±4.36  9. 47±5.51 2,b 3, b 3, c

 3.0 9.53±3.06 12. 03±3.06 17. 50±6.56  3, c 4, c 5, d

Values with different numeric superscript differ significantly (P < 0.001) between durations within concentrations
Values with different alphabetic superscript differ significantly (P < 0.001) between concentrations within durations

Table 2: Percentage frequency of formation of nuclear abnormalities
Length of exposure (Days)
-------------------------------------------------------------------------------------------------------------

Detergent Concentration (g/kg) 30 60 100
Cyclophospamide 20.0 8.13±6.11 9.67±6.11 12.00±2.00
Omo 0.0 0.13±0.58 0.13±1.53 0.13±0.581,a 1, a 1, a

1.0 4.17±3.51 5.87±5.51 6.80±6.002, b 2, b 2, b

2.0 7.60±7.21 9.90±8.54 12.27±6.433, c 3, c 3, d

3.0 16.20±9.17 19.60±10.00 23.03±4.514, e 4, f 4, g

Ariel 1.0 4.33±7.57 6.20±6.00 8.23±7.512, b b c

2.0 8.23±3.06 9.70±5.00 , 12.57±5.513 c 3, c 3, d

3.0 17.60±8.00 20. 13±4.51 22.13±6.514, e 4, f 4, g

Values with different numeric superscript differ significantly (P < 0.001) between durations within concentrations
Values with different alphabetic superscript differ significantly (P < 0.001) between concentrations within durations

RESULTS of the NL in the treatment groups were also found to

Induction of Micronuclei (MN): The induction of exposure time.
micronuclei measured as percentage frequency of the
bone marrow erythrocyte of the control and treatment DISCUSSION
groups (Table 1) indicated that the rat specimens exposed
to different concentrations of Omo® and Ariel® Notwithstanding the increasing rate of exposure to
detergents exhibited significantly higher (P<0.05) detergent in Nigeria, there are no available literatures
frequency of induction of MN than the negative control concerning the evaluation of the genotoxic potential of
group. The frequency of induction of micronuclei was detergent. On the other hand, there are a lot of literatures
found to be both dose and time dependent, with the on the toxicity of detergents in fish [12-15], Yahaya et al.
highest frequency occurring in the group exposed to [12] also studied the effect of detergent on the blood of
Omo® and Ariel® of concentrations of 3.0 g/kg body the wistar rat (R. norvegicus). The MN induction is a well
weight, followed by 2.0 g/kg body weight and then 1.0 known biomarker for assessing the toxicity of exposure of
g/kg body weight. The lowest MN frequency was organisms to substances [16-20]; it has been used in
observed at day 30 and there was a gradual linear increase different animals. Some pesticides such as carbamate and
in the frequency of induction of MN as the time of dithiocarbamate have been reported to induce MN
exposure increased. formation in animals [21, 22]. In the present study, all the

Formation of Nuclear Abnormalities in (NL) the Bone induced MN compared to the negative control and the
Marrow Erythrocyte: In addition to the micronuclei as a frequency of MN induction increased with increase in
malformation, the two detergents also induced four kinds concentration and duration of exposure. However, our
of nuclear lesions, lobed nuclei, irregular nuclei, heart result deviated from the findings of Utulu and Bakare [11],
shaped  nuclei and kidney shaped nuclei. The frequencies who observed a no dose dependent response in rats

increase significantly (P < 0.001) with increase in dose and

concentrations of detergents significantly (P < 0.001)
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treated with caffeine. The frequency of formation of 7. Campbell, N.A., J.B. Reece, L.A. Urry,  M.L.  Cain,
micronuclei obtained in this study showed that the
detergents Omo and Ariel caused some damages to the
DNA of R. norvegicus. The increase in the frequency of
MN in the bone marrow erythrocyte of rat recorded in this
study is believed to be as a result of the disruption of the
DNA repair process in the rapidly multiplying bone
marrow cells by the detergents.

Nuclear lesions are well established indicators of
cytotoxicity. Ayllon and Garcia-vazquez [4] and Pachoco
and Santos [21] have shown an association between the
frequency of such lesions and exposure to genotoxic
agents. Hose et al. [16] and Bombil et al. [5] reported a
higher than normal nuclear lesion (NL) frequencies in fish
inhabiting contaminated water or exposed to toxicants in
the laboratory.

In this study, the groups exposed to Ariel® and
Omo® detergents showed a significant (P < 0.001)
increase in NL frequency, which was both concentration
and time dependent also. This result suggests that the
nuclear lesions found in this study are considered
indicators of genotoxicity, in addition to the micronuclei
formed and should be included to the routine tests for
toxicological experiments.
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