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Abstract: The combination of in vivo mouse bone marrow micronucleus assay with atomic
absorption spectroscopy has been used as an assay system for environmental biomonitoring
of the polluted water bodies specifically the two Esteros namely- Estero de Vitas and Estero
de Paco, belonging to thr Pasig River System, Philippines. As part of the strategy, the Esteros
are being rehabilitated to control pollution in the river systems whereby Estero de paco was
recently rehabilitated whereas FEstero de Vitas is still largely neglected. The elevated levels
of micronuclei observed in the erythrocytes of the genetic model, the Swiss albino mice
exposed to water samples from both sources indicate the presence of genotoxic and hazardous
pollutants in the water bodies of Estero de Paco and Estero de Vitas. Further, the water
samples from Fstero de Vitas was found to be far more genotoxic as compared to the water
samples from Estero de Paco (p<0.05). The observed genotoxic effects of the water samples
appeared to be related to the physicochemical characteristics studied using Atomic absorption
spectroscopy, which showed the presence of heavy metals in the water samples from both
sources. The AAS technique was also used to detect the presence of heavy metals in the mouse
tissue exposed to the water samples from two locations to further confirm the probable source
of genotoxicty. The results establish that the mouse micronucleus test in combination with
AAS can be used effectively for environmental biomonitoring. The lower genotoxicity potential
of Estero de paco clearly demonstrates that the restoration of the Esteros can be an effective
approach to control pollution of the water bodies especially the Pasig river system.
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1. INTRODUCTION lack of comprehensive environmental policy and

mismanagement in terms of implementation of
guidelines and rules (Asian Development Bank 2009).

The Philippines, the fastest TOWIN, Nt il . . A
PP & 8 The Pasig river with its 47 tributaries or estuaries

economy in the Association of Southeast Asian ; .
Nations (ASEAN) (World Bank 2018) has been which flows through Metro Manila, was

struggling with environmental degradation due to
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declared biologically dead and efforts have been going
on to clean the river and improve the water quality of
the Pasig River System (Asian Development Bank
2012). One of the approaches to tackle the pollution
levels in the Pasig River, started by the ABS-CBN
Foundation and adopted by the Pasig River
Rehabilitation Commission (Pasig River Commission,
2018), was the launching of a program called “Kapit
Bisig Para sa Ilog Pasig® where it was decided to
rehabilitate the estuaries that connect and drain into
the Pasig River to contain the pollution levels in the
water (Ramos 2012). Under this program attempts
were made to rehabilitate two estuaries namely--
FEstero de Paco and Estero de San Miguel. A number
of contaminants are present in the polluted water
bodies, one of them being the heavy metals that can
be genotoxic and cytotoxic by causing DNA damage
(Knasmuller et al. 1998; Hartwig 1995). Though the
restoration efforts have led to the improvement in the
physico-chemical parameters of the water (Muana,
2013), it is of paramount importance to evaluate the
genotoxic and cytotoxic potential of the waters of
these esteros due to their proximity to the human
dwellings. Genotoxicity assessment is one of the
essential components of the environmental safety
evaluation to protect human and animal health and
make the overall environment safe as it measures the
DNA damage induced by the exposure to a
contaminant. Though a number of methods and assay
systems are available for genotoxic hazard
assessment, none of them are adequate enough to
give complete information about the genotoxic status
of a particular environment (Adler et al. 2011).

Therefore  the overall environmental
biomonitoring should have a battery of tests/methods
including the genotoxicity/mutagenicity tests to keep
track of the environment’s status. Hence in the present
study, suitability of using the micronucleus assay in
the Swiss albino mice and the heavy metal analysis
using atomic absorption spectroscopy was evaluated as
a model assay system for environmental
biomonitoring. Both methods in combination were used
to compare the genotoxic potential of the water
samples from FKstero de Paco with that of Estero de
Vitas and further ascertain the affectivity of the
restoration efforts of various stakeholders.

2. METHODOLOGY
2.1 Collection of Samples

The water samples were collected at the
locations which are accessible along the banks of
FEstero de Paco and Estero de vitas.

2.2 Treatment of Mice

Swiss Albino male mice (Mus musculus), 4-8
weeks old with an average weight range of 20-24g,
were used as the test subjects for the experiments.
The mice were acclimatized and maintained in
laboratory conditions of 12 h dark and light cycle,
temperature of 26.9 = 6°C and had access to clean
drinking water and standard rodent chow
(Bio3000) ad Iibitum. A standard procedure of oral
administration of 5%, 10%, 25%, 50%, and 100%
concentrations (v/v. water samples from esteros/tap
water) of the estero water samples was carried out
daily to five mouse per exposure group for 7 days
(Alimba et al. 2012). Similar treatment was
concurrently given to the negative (tap water) and
positive (methyl methanesulfonate, 4 mg/kg body
weight) control groups.Two groups of 5 mice each,
were administered with the same concentrations of
water samples intraperitoneally and exposed to water
samples ad libitum. For intraperitoneal mode, the
mice were injected with 0.5ml of water samples per
day per mouse for 7 days at the same time of the day
(Bakare et al. 2009). The negative control mice were
similarly given tap water both ad Zibitum as well as
intraperitoneally, while the positive control group
was injected with MMS (methyl methanesulfonate, 4
mg/kg body weight) intraperitoneally.

2.8 Micronucleus Assay

Animals were sacrificed by cervical
dislocation and their femur bones were surgically
removed to flush out bone marrow for the
micronucleus test. The micronucleus test was
performed according to Schmid (1975) and Aaron et
al. (1989) with minor modifications. The bone
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marrow cells from the femurs were flushed into the
Eppendorf tubes using 0.5 mL of fetal bovine serum
(Invitrogen cat # 16170078). The cells were then
centrifuged at 3000 rpm for 5 minutes and a smear
was made on the pre-cleaned slides. After air-drying,
the slides were fixed in methanol for 10 minutes. The
slides were air-dried once again, and then stained
with the May-Grunwald stain for 5 minutes.
Afterwards, the slides were stained with Giemsa for
3 minutes. The slides were coded and examined under
an Olympus light microscope at 1000X magnification.
At least 2000 cells per animal were scored for

micronucleated polychromatic erythrocytes
(MNPCE).
- £
W '@
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Figure 1. Micronucleated (A-D) and non-micronucleated
(E-F) polychromatic erythrocytes, at 1000x magnification,
stained with May-Grunwald and Giemsa observed
following exposure to water samples.

2.4 Laboratory Analysis
Physico-Chemical Characteristics

To compare the physico-chemical properties
of water samples from the two esteros, three
parameters were analyzed— pH level, amount of
dissolved oxygen (DO) present and the biological
oxygen demand (BOD).

Atomic Absorption Spectroscopy (AAS) of Water
Samples and Mouse Tissue

The AAS test was performed to detect the
presence of heavy metals (Cu, Cd, Pb and Zn) in the
water samples and mouse tissue samples by using the
atomic absorption spectrophotometer (model AA-
6300 Shimadzu).The heavy metal analysis was
carried out in accordance with the standard methods
(Sharma et al. 2013; USEPA 2006).

Data Analysis/Statistical Tool

The analysis off results was carried out by
using one way ANOVA, along with post-hoc
(Bonferroni apprach). To study the cocnetration
dependent efftects linear regression analysis was
performed.

3. RESULTS AND DISCUSSION

The results indicate that there was an
overall concentration-dependent increase in the
number of number of micronucleated erythrocytes in
the bone marrow cells of the Swiss albino mice
exposed to the water samples of Estero de Paco and
FEstero de Vitas in comparison to the control
treatment at P<0.05 (Figl, 2 and Fig 3). This
indicates that the aquatic environments at each site
possess genotoxic/mutagenic contaminants. Further
the water samples from FEstero de paco were found to
be less genotoxic as compared to Estero de vitas as
evident by the significant difference between the
micronuclei. Further, the Atomic absorption
Spectroscopy detected the presence of heavy metals
in the water samples as well as in the tissues of the
mice which could be the probable source of the
genotoxicity ( Table 1 and 2). A difference in the
overall effect was observed based on the mode of
administration of the treatment.
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Table 1. Comparison of the heavy metal profile of
MNPCEs / PCEs (Ad Libitum Exposure) water samples: negative control, Estero de Paco, and
FEstero de Vitas versus DENR Class C Standard
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03 . .
2 035 (One-way ANOVA with post-hoc Bonferroni
&
& 02
S o approach)
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= 005
o . Treatments p-value
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4. CONCLUSION AND
RECOMMENDATIONS

The mouse bone marrow micronucleus
assay and physico-chemical analysis of water samples
along with the heavy metal detection in the water
samples and mouse tissue, clearly establish that the
rehabilitation efforts to control and improve the
water quality of Estero de Paco have been effective to
some extent in terms of genotoxicity. Since no in vivo
rodent assay can detect the genotoxicity status on its
own, the combination of mouse bone marrow
micronucleus test with heavy metal analysis using
AAS can effectively be used for environmental
biomonitoring. Lastly, in accordance with the results
of the study, the rehabilitation of Estero de Paco is
highly recommended to be a model program for the
rehabilitation of the rest of the estuaries of Pasig
River, as well as the other polluted bodies of water in
the Philippines.
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