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Abstract Lead commonly contaminates water systems and causes acute and chronic toxicity, and indirectly
produces ROS causing oxidative stress, to organisms. In response, organisms produce antioxidant enzymes for
protection from oxidative stress, and uptake antioxidants in the environment. Ballatinao black rice is rich in
antioxidants, particularly anthocyanins, and this study examined the effect of the Crude Anthocyanin Extract (CAE)
of Ballatinao black rice on the acute lead toxicity to Daphnia magna through acute toxicity assays. D. magna were
exposed to 10, 15 and 20 ug/mL concentrations of CAE for 24-hours with and without 4.0 mg/L lead nitrate.
Number of deaths were recorded each hour for 24 hours. Three additional treatment strategies of the same
parameters were also designed. Heartbeat counts in relation to lead toxicity were also measured. A significant
increase in D. magna survival (α=.01) was observed when exposed to increasing CAE concentrations both in
untreated and lead-treated set-ups. Variations in pre- and post-exposure treatments to CAE and lead were also
performed and found to be insignificant. Heartbeat counts during the toxicity assays dropped in the first hour and
normalized at 12- and 24-hour time points. The study demonstrated that Ballatinao black rice CAE can reduce the
toxic effects of lead exposure to Daphnia magna.
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1. Introduction
Toxic metal wastes find their way to aquatic systems
from industrial wastewaters [1]. Lead is not essential to
living organisms, and uptake leads to bioaccumulation [2],
[3]. This causes acute and chronic toxicity and may
eventually lead to death of organisms [2].
Uptake of lead results to indirect production of reactive
oxygen species (ROS) and induction of oxidative stress
[4]. Organisms produce antioxidant enzymes [5] to
counter oxidative stress. The pigmented variety of rice has
been reported to have antioxidant activities [6,7]. In the
Philippines, a black-to-purple variety known as Ballatinao
rice (Oryza sativa cultivar) is cultivated in Bontoc,
Mountain Province (277 km north of Manila). Ballatinao
ranked first in anthocyanin levels and ranked second in
antioxidant activity among the pigmented rice varieties in
the Philippines [8]. Previous studies on Ballatinao CAE
have shown that it decreases longevity of Drosophila
melanogaster under non-oxidative stress [9], and reduces
regeneration time of amputated Dugesia hymanae [10].
A number of mining areas which threaten land and
water systems with lead contamination [3] can be found in

Mountain Province, Philippines where Ballatinao rice is a
staple food. To our knowledge, there is no published
research on anthocyanin effects on lead toxicity. Thus, the
effect of Ballatinao rice CAE on lead toxicity was investigated.
Daphnia magna, among freshwater invertebrates, is the
standard bioindicator used in evaluating aquatic pollution
including toxic metals [11]. In this study, effect of CAE
on the acute toxicity of lead to Daphnia magna was
examined.

2. Materials and Methods
2.1. Specimen
Ballatinao black rice (Oryza sativa cultivar) cultivated
in Bontoc, Mountain Province, Philippines was procured
from the local market in Baguio City, Philippines.
Daphnia magna was obtained from Bulacan,
Philippines and was cultured and maintained in filtered
pond water from the University of the Philippines –
Manila campus. Oxygenation was provided naturally
using Hydrilla (aquatic plant), and photoperiod cycles
followed a 12-hour light and 12-hour dark cycle. The D.
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magna cultures were maintained and propagated at
ambient laboratory temperature.

2.2. Extraction
Ballatinao rice from Bontoc was weighed at 200 g and
soaked in 1 L extraction buffer (60% ethanol (with 0.1%
HCl)) for 6 hours with gentle shaking. The solution was
filtered using a Whatman© Grade 2 filter paper (Whatman
(UK) Ltd, Maidstone, UK) and divided into five 200 mL
portions. Each portion was concentrated in a rotary
evaporator (BUCHI© Rotavapor R-200) at 40°C for two
hours to remove excess ethanol. The concentrated extracts
were pooled and lyophilized through a centrifugal
evaporator (DNA Speed Vac© DNA110) and stored at
4°C in air-tight dark containers.

2.3. Acute Toxicity Test
Three-day neonates were acclimatized for 5 hours in
reconstituted water consisting of 290 mg/L CaCl2.H2O,
120 mg/L MgSO4.7H2O, 65 mg/L NaHCO3, and KCl 6
mg/L (Sigma-Aldrich Corp., St. Louis, MO, USA) before
each treatment. For each set-up, 10 neonates were
transferred to glass vials containing 10 mL reconstituted
water. Set-ups were exposed to varying concentrations of
the CAE (10, 15 and 20 ug/mL) for 24 hours in the
presence (co-exposure, COE) and absence (exposure to
extract only, EEO) of 4.0 mg/L Pb(NO3)2 (SigmaAldrich Corp., St. Louis, MO, USA). The deaths were
recorded each hour for 24 hours. Absence of D. magna
voluntary movement upon gentle shaking was scored as
dead. Three additional treatment strategies were also
designed which included: 1) one hour pre-exposure to
extract followed by lead only exposure (EEL); 2) one
hour pre-exposure to lead only followed by co-exposure
with extract (ELC) and; 3) one hour pre-exposure to
extract only followed by co-exposure with lead (EEC).

2.4. Heartbeat Count
Ten-day adult D. magna were acclimatized in
reconstituted water before each treatment. For each set up,
an adult was transferred in a tube containing 5 mL
reconstituted water. Set ups were exposed to varying
concentrations of the CAE (10, 15 and 20 ug/mL) in the
presence (co-exposure) and absence of 4 mg/L Pb(NO3)2.
Each experimental set-up was done in three replicates.
Heartbeat counts were determined at three different time
points (1-, 12-, and 24-hour) by mounting each D. magna
on a microscope (B-192 Optika© Light Microscope)
under low power objective and immediately video
recording for 30 seconds using a digital camera (Canon©
IXUS 125 HS). A different D. magna individual was used
for each video recording of heartbeats in the three time
points. The video was viewed in slow motion to be able to
count the number of heartbeats in 30 seconds.

2.5. Statistical Analysis
Data for survival plots were reported as counts. All
analysis on comparison of populations were carried out in
OpenEpi
Version
3.01
online
software
(http://openepi.com/v37/Menu/OE_Menu.htm) using twotailed z-test of independent samples at α=0.01 (99%

19

confidence interval). Heartbeat counts were reported as
means with standard error.

3. Results and Discussion
3.1. CAE Increases Survival of untreated and
lead-treated D. Magna
Establishment of lead toxicity in D. magna at 4.0 mg/L
is depicted in Figure 1A. Compared to the no extract/no
Pb set-up, the number of deaths of D. magna in the leadonly (LO) treatment is significantly more (α=.01, z=4.14)
at 90%. Previous studies showed the toxicity of lead to D.
magna had been varied and inconsistent ranging from an
LC50 of 0.15 mg/L to 4.92 mg/L [12,13,14]. These
different documented lead toxicity levels can be attributed
to the genetic background of the D. magna used in their
assays and differences in their culture conditions. A
similar reasoning was also expressed by Baird, et al. [15]
when he tested nine toxic chemicals against D. magna. He
discovered that different clones of D. magna have
differences in their toxicity levels to these chemicals, and
neonate performance during the toxicity assays varied
depending on the culture environment. In our study, the
4.0 mg/L concentration of lead nitrate that we used falls
within the LC50 range stated above. This was enough to
cause 90% lethality in D. magna within a 24-hour period.
Both the no extract/no Pb and lead-only treatment data
served as reference plots for comparison to the
experimental treatments.
Exposure of D. magna to 10, 15, and 20 ug/mL CAE
were done in two ways: exposure to CAE only (EEO) and
co-exposure of CAE with lead (COE). The survival plots
of D. magna in the three EEO treatment concentrations
were all higher, although not significantly, than the no
lead/CAE set-up but significantly higher (α=.01, z=7.379,
8.433, 8.433 respectively) than lead-only treated set-up
(Figure 1B-D). Contrary to previous studies that
demonstrated a significant increase in longevity of
organisms when exposed to anthocyanin [16,17], the CAE
of Ballatinao black rice had no significant effect in the
longevity of D. magna. This is consistent with the study of
Velasco and Medina [9] that showed CAE of Ballatinao
balck rice had no significant effect on the lifespan of
Drosophila melanogaster .
The COE treatments for all three CAE concentrations
displayed a significant improvement (α=.01, z=5.27, 7.379,
7.379 respectively) in the survival of D. magna when
compared to the lead-only treatment set-up, with a
survival increase of 50% to 70%. The significant survival
outcome of D. magna may be attributed to the mitigation
of lead toxicity via ROS, which, in turn, is scavenged by
the antioxidant activities of anthocyanin in CAE [5].
Various antioxidant mechanisms are being utilized by
an organism to counter oxidative stress caused by heavy
metals. It is important that the balance between reduced
GSH/ oxidized GSH be restored to maintain the redox
environment of the cell [5]. If not, cellular metabolism
maybe affected and even impaired. In this experiment, the
CAE provided additional antioxidants aside from those
produced by the organism. The black rice variety is known
to be rich in anthocyanins such as cyanidin-3-glucoside,
and peonidin-3-glucoside [18]. Acetylated procyanidins
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have also been found to be present in pigmented rice
which are known to scavenge reactive oxygen species
which would otherwise damage cellular integrity and
activity [19], [20]. Additionally, Thai black rice extract
was shown to be rich in anthocyanin and was able to
reduce the oxidative stress in HepG2 cells [21].
The antioxidants in CAE may have reduced the burden
of the oxidative stress (enhanced by the presence of lead)
to the Daphnia by transforming the free radicals to inert
products, thus increasing their survival in the lead
treatments.

3.2. Duration of CAE Exposure Affects
Survival of D. magna to Acute Lead Toxicity
Figure 1 revealed that CAE at 10, 15 and 20 ug/mL
provides protection to lead toxicity in co-exposure
experiments. To determine if this protection was modified
in different pre-exposure and post-exposure scenarios,

three additional treatment strategies were designed, which
included: 1) one hour exposure to CAE followed by leadonly treatment (EEL); 2) one hour exposure to lead
followed by co-exposure treatment with CAE (ELC) and;
3) one hour exposure to CAE followed by co-exposure
treatment with lead (EEC).
The EEL treatment showed a trend similar to that of
lead-only (LO) treatment across all concentrations (Figure
2A-C). Although the death count after 24 hours was a
small difference of one or two, there was a big difference
in the hour when first death occurred in the set-ups. The
first death in the lead-only treatment took place after three
hours, whereas the first deaths in 10, 15, and 20 ug/mL
CAE in EEL transpired after seven, six, and seven hours,
respectively (Figure 2D). This suggests that even a onehour exposure to CAE prior to lead treatment offers short
term protection that extends the time before D. magna
succumbs to lead toxicity.

Figure 1. Ballatinao CAE reduced acute toxicity of lead. Ten 3-day old Daphnia neonates were used in the acute toxicity assays for each set-up, and
the number of surviving neonates were recorded every hour for a 24-hour period. A) Survival plots of D. magna in the presence of lead nitrate and
reconstituted water (negative control) were generated to serve as reference points for the succeeding co-exposure assays with CAE. These plots were
superimposed in panels B to D. Co-exposure of lead with CAE and CAE exposure only were performed using B) 10, C) 15, D) 20 ug/mL CAE. All lead
nitrate treatments were at 4.0 mg/L. Survival plots are normalized to no extract/ no Pb (control)

The ELC treatment displayed a drastic increase in the
survival of D. magna comparable to CAE-only (EEO)
treatment, and slightly higher than the no extract/ no Pb
set-up (Figure 2A-C). Relative to the first death
occurrence at three hours in lead-only treatment, the hours
of first death in ELC are also extended to eight, thirteen,
and eighteen hours in 10, 15, and 20 ug/mL CAE,
respectively (Figure 2D). The rise in survival and the
delay of first death imply that the detrimental effect due to
a one-hour advanced exposure to lead is radically reduced
when CAE is introduced in spite of continuing presence of
lead.

The EEC treatment followed a similar pattern to ELC
treatment as described above (Figure 2A-C), which
indicates that a one-hour prior exposure to CAE-only, in a
predominantly co-exposure treatment with lead, offered
minimal additional protection to D. magna from lead
toxicity.

3.3. Heartbeat Count of D. magna Poorly
Correlates with Acute Lead Toxicity
Acute toxicity bioassays utilizing D. magna use
mortality as the measured outcome. The study attempted
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to detect changes in heartbeat count since Daphnia’s
heartbeat is particularly sensitive to changes in the
environment. The heartbeat rate of Daphnia is one of the
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parameters considered when studying effects of various
chemicals to the metabolism and physiology of an
organism [22].

Figure 2. Pre- and post-exposure of D. magna to CAE increases survival to lead toxicity. Ten 3-day old Daphnia neonates were used in the acute
toxicity assays for each set-up, and the number of surviving neonates were recorded every hour for a 24-hour period. All the survival plots from Figure
1 are superimposed (with non-solid colored markers) in panels A to C for comparison with the assorted pre- and post-exposure assay designs in A) 10
ug/mL, B) 15 ug/mL, and C) 20 ug/mL CAE with survival plots normalized to no extract/ no Pb (control). D) Recorded hour of first and last deaths, and
hour death reached 50% within the 24-hour observation period (nr = did not reach 50% death)

Four experimental set-ups were assembled, namely: no
lead/CAE, lead-only, CAE-only (CAE) and co-exposure
of lead (COE) and CAE. The heartbeat counts after the
first hour in lead-only, CAE-only and co-exposure
treatments showed a marked decline compared to the no
lead/CAE treatment (Figure 3). These drops in the

heartbeat counts during the first hour in the three
experimental treatments and their corresponding recovery
in the 12- and 24-hour time points suggest an early
response of the D. magna to a sudden environmental
change, and may not necessarily be directly due to the
toxicity of lead.

Figure 3. Lead treatment of D. magna does not affect heartbeat count. Ten-day old D. magna adults were placed in different treatments of lead and
CAE, namely: No lead/CAE, lead-only, CAE and COE (co-exposure of lead and CAE) with 10, 15 and 20 representing concentrations of CAE in ug/mL.
Heartbeat counts of three D. magna individuals per treatment were measured for 30 seconds during the 1st, 12th, and 24th hour periods. Different sets of
D. magna were used for the three time points. (-) death of all test organisms

Comparison of the control (no lead/CAE) and the leadonly set-ups as seen in Figure 3 revealed lack of
appreciable heartbeat count difference at the 12-hour time

point. No heartbeat count values were obtained at the 24hour time point because all the Daphnia organisms
perished between the 12- and 24-hour time points. It
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should be noted that in the acute toxicity assay, at the 12hour time point and using the same 4.0 mg/L of lead
nitrate, 50% mortality was observed in Daphnia, thus, any
surviving Daphnia was undergoing stress. This stress was
not reflected in the recorded heart beat count.
The 12- and 24-hour heart beat counts in the CAE-only
(Figure 3) were comparable to the control, except for the
CAE-only with the highest concentration, which had a
higher heart beat count than the control at the 24-hour
time point. Little can be said to the implication of this
increased heartbeat count because of insufficient
supporting information, e.g., precise time the increase in
heart beat count occurred, and how long it persisted.
On the other hand, for the COE treatments (Figure 3),
there was no apparent trend (increase or decrease) in heart
beat counts observed in COE relative to the control and
CAE-only, and, thus, no correlations can be made.
Daphnia experience stress when exposed to lead,
whether in the presence of CAE or not. However, the leadinduced stress did not translate to a perceptible change in
heart beat count. Thus, this study showed that using
heartbeat counts as a measure of acute lead toxicity in
Daphnia magna is not recommended.
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