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A b s t r a c t K e y w o r d s 

Black rice varieties are rich in antioxidants such as anthocyanin 
compounds. In this study, Crude Anthocyanin Extract (CAE) from 
Ballatinao black rice was tested for its effects on longevity, heat-stress 
and energy-deprivation stress in Drosophila melanogaster. We show that 
the CAE had no significant effect on the longevity of fruit flies. Under 
heat-stress, CAE reduced the mean life span by 18%, 18% and 23% for 
10, 20 and 30 mg/ml concentrations respectively. Furthermore, under 
energy-deprived conditions, CAE significantly reduced the survival of 
male flies (p<0.05) but had no significant effect on female flies. To our 
knowledge, this is the first demonstration that a crude anthocyanin extract 
decreases the longevity of D. melanogaster when placed under heat and 
energy deprivation stress. We proposed a model to explain anthocyanin 
toxicity during non-oxidative stress. 
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Introduction  

Oryza sativa (rice) is an important crop in the 
developing world, particularly in Asia. A wide 
gamut of antioxidants can be found in both 
pigmented and non-pigmented rice varieties (Goufo 
and Trindade, 2014). These antioxidants fall under 
phenolic acids, flavonoids, anthocyanins, 
proanthocyanidins, tocopherols, tocotrienols, -
oryzanols and phytic acids (Goufo and Trindade, 
2014). Notably, pigmented rice varieties possess 
higher antioxidant activities when compared to non-
pigmented rice varieties (Goufo and Trindade, 2014; 

Walter and Marchesan, 2011; Seo et al., 2013; 
Saikia et al., 2013; Gunaratne et al., 2013; Pitjia et 
al., 2013).  

Black rice varieties have been the subject of 
exploratory research for its potential biomedical 
applications. There is evidence that correlate black 
rice consumption with improvement of 
cardiovascular health status (Sangkitikomol et al., 
2010) and inhibition of cancer invasion (Chen et al., 
2006). The anthocyanin compounds in black rice 
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include cyanidin-3-O-glycoside and peonidin-3-O-
glycoside (Zhang et al., 2006). In particular, 
cyanidin-3-O-glycoside has been shown to have 
antioxidant activity 3.5 times more potent than 
Trolox, a vitamin E analog (Zuo et al., 2012).  

Previous work have demonstrated that black rice 
extract (1) induces superoxide dismutase (SOD), 
catalase (Chiang, 2006) and gluthathione peroxidase 
activities (Auger et al., 2002); (2) suppresses 
reactive oxygen species (ROS) and nitric oxide 
(NO) radicals (Hu, 2003) and (3) inhibits xanthine 
oxidase, one of the generators of superoxide anions 
(Zuo et al., 2012).  

Drosophila melanogaster has been widely used as a 
model organism for longevity, aging, 
neurodegenerative diseases and drug discovery 
(Pandey and Nichols, 2011). The advantages of 
using this organism include: low cost, convenient 
diet formulation, well-characterized physiology, as 
well as a known genome (Pandey and Nichols, 
2011).  Zuo et al. (2012) has demonstrated that 
black rice extract prolonged the mean life span of 
fruit flies by 14%. Furthermore, this effect is 
accompanied by an upregulation of CuZnSOD 
(SOD1), MnSOD (SOD2) and catalase (Zuo et al., 
2012).  

Most studies about black rice are done on varieties 
cultivated in China (Zuo et al., 2012), Thailand 
(Sangkitikomol et al., 2010), and to some extent, 
Korea (Seo et al., 2013). In northern Philippines, a 
black rice variety, known locally as Ballatinao rice, 
is consumed widely in the Mountain Province, 
Benguet and other neighboring provinces. Chemical 
analysis of Ballatinao rice showed that it has the 
highest levels of anthocyanin, vitamin B, crude 
protein, total phenolics and fatty acids when 
compared to red (Chochoros) and non-pigmented 
(NSIC Rc 160) rice varieties (Romero et al., 2012).  

This study explored the effect of Ballatinao rice 
Crude Anthocyanin Extract (CAE) on the longevity 
of D. melanogaster. Furthermore, this study also 
determined the effect of the extract on D. 
melanogaster longevity under heat stress and 
energy-deprivation stress. We found that the CAE 
from Ballatinao rice do not significantly alter the 
mean life span of fruit flies. However, when 
exposed to daily heat stress, the mean life span of 
Drosophila at CAE concentrations of 10, 20 and 30 

mg/ml were reduced by 18, 18 and 23% respectively 
(p<0.05). Under energy deprivation stress, CAE 
reduces survival of male flies (p<0.05). These data 
suggest that the CAE from Ballatinao black rice 
increase susceptibility of fruit flies to heat stress and 
energy-deprivation stress.  

Materials and methods  

Crude extraction of back rice anthocyanin  

The Ballatinao black rice, cultivated in Bontoc, 
Mountain Province, was acquired from Baguio city. 
A total of 1.0 kg of the Ballatinao black rice was 
submerged in 4000 ml of 60% ethanol (with 0.1% 
HCl) for 6 to 8 hrs with moderate shaking at room 
temperature. The rice grains were strained out and 
the ethanol from the extraction solvent was removed 
using a rotary evaporator, BÜCHI Rotavapor R-200. 
Finally, the crude anthocyanin extract was 
lyophilized using a centrifugal evaporator, DNA 
Speed Vac® DNA110. The lyophilized CAE was 
stored at -4oC in a dark bottle.  

Fruit fly culture media and yeast paste 
formulation  

The fruit fly culture medium was prepared by 
boiling 500 g of orange sweet potato cubes in 1000 
ml dH2O. The softened sweet potato cubes and 
accompanying infusion were homogenized using a 
blender. After blending, 15.4 g agar and 10g yeast 
were added. The mixture was allowed to boil for 5 
min. with constant stirring to incorporate the agar 
and the yeast powder. The entire mixture was 
allowed to cool down to 60ºC before adding 400 l 
of glacial acetic acid (to prevent growth of bacteria 
and molds) and was poured into containers before 
solidifying. The fruit fly culture medium was used 
in rearing several generations of D. melanogaster 
and was also used in the control set-up. The 
experimental set-ups were prepared by adding 
appropriate lyophilized CAE such that the final 
concentrations will be 10 mg/ml, 20 mg/ml and 30 
mg/ml CAE in the experimental culture media.  

The fruit fly media was supplemented with yeast 
paste. Approximately 5 g Baker s yeast powder was 
mixed with 1 ml 0.04% acetic acid to achieve a 
pasty consistency. Yeast paste made with 10 mg/ml, 
20 mg/ml and 30 mg/ml CAE solutions were also 
prepared. 
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Life span assay  

For the life span assay, 2-day old flies (males and 
females) were collected and aged for 2 more days 
in a common culture bottle. The flies were 
anesthetized with CO2 and were sorted according 
to sex. There were a total of four set-ups: 10 
mg/ml, 20 mg/ml and 30 mg/ml CAE 
concentrations and a control set-up with no CAE. 
The flies were distributed in 50 ml conical tubes 
(cotton-plugged) such that each tube had 10 flies 
of the same sex. Overall, each set-up had 4 tubes, 
2 of which had 10 male flies and 2 had 10 female 
flies. These set-ups were maintained at ambient 
laboratory temperature and the live flies were 
counted everyday and the flies were transferred to 
newly prepared culture tubes every 4 days.  

Heat stress assay  

The heat stress assay was done as a modified life 
span assay. Every day, the flies were placed in an 
incubator set at 37oC for 1 h. The live flies were 
counted before and after the heat stress 
incubation.  

Energy-deprivation assay  

The energy-deprivation assay was also done as a 
modified life span assay. For three days, the flies 
were fed with the following diets: 10 mg/ml, 20 
mg/ml and 30 mg/ml CAE and control (no CAE). 
On the third day, the flies were transferred to a 
new conical tube containing only cotton ball 
moistened with dH2O. The live flies were counted 
every six hours until all flies were dead.  

Statistics  

For the life span assay and the stress experiments 
(heat stress and energy deprivation stress), the 
Kaplan-Meier test was used to assess the 
differences in the life span curves of each 
treatment group, as detailed by Rich et al. (2010). 
Independent Z-test was employed to determine 
the differences in the mean life span of each 
treatment group, a difference at p<0.05 was 

considered significant. The StatsDirect statistical 
software was used for these statistical tests.  

Results  

CAE does not increase mean life span of 
Drosophila  

Previous studies have shown that antioxidants are 
able extend the longevity of Drosophila, as 
demonstrated in the antioxidants from cucurmin 
(Suckow and Suckow, 2006) and from apple (Peng 
et al., 2011). Furthermore, anthocyanins were also 
able to prolong the life spans of organisms such as 
in Caenorhabditis elegans (Chen et al., 2013) and in 
Drosophila (Zuo et al., 2012).   

Contrary to the expectations set by these studies, our 
research demonstrated that CAE from Ballatinao 
black rice did not increase life span of D. 
melanogaster, as shown in Fig. 1. The lack of 
significant difference between the CAE-fed flies 
and the controls may be attributed to the use of low 
CAE concentrations in the experimental set-ups. We 
originally based our CAE concentrations on the 
study of Zuo et al. (2012), however, it should be 
noted that they used a pure extract, whereas we used 
a crude extract. Thus, the effective concentration of 
the active components in our crude extract may not 
have been enough to elicit any significant increase 
in mean life span, if any.   

Another possible reason for the lack of significant 
increase in longevity may be due to the presence 
certain chemicals in our CAE that may have 
neutralized the anthocyanin s effect. We purposely 
chose to use a crude extract over a pure extract 
because it more closely resembles the manner by 
which Ballatinao black rice is consumed. Lastly, 
there is a possibility that the anthocyanins in our 
CAE may not have any effect on D. melanogaster 
longevity under normal physiological conditions. 
There are antioxidants that have been shown to have 
no effect on D. melanogaster longevity as 
exemplified by melatonin and epithalamin 
(Anisimov et al., 1997). While some anthocyanin 
extracts show life span-prolonging activity, this 
study suggests that this may not be true for all 
anthocyanins.  
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Fig. 1: Kaplan-Meier survival curves from life span assay.                                              

(A) Consolidated data for both male and female flies from control (no CAE) and experimental set-ups with 10 mg/ml, 20 
mg/ml and 30 mg/ml concentrations of CAE from Ballatinao black rice; (B) Data from female set-ups only; (C) Data 
from male set-ups only (n=20 for males per treatment group, n=20 for females for no CAE group and 10 mg/ml and 20 
mg/ml treatment groups, n=19 females for 30 mg/ml treatment group).  

CAE reduces the mean life span of Drosophila 
under heat stress  

Although Ballatinao CAE did not alter 
D.melanogaster longevity under ambient 
conditions as previously shown in Fig. 1, 
interestingly, it significantly reduced the mean 
life span across the three CAE experimental 
concentrations when exposed to heat stress. As 
depicted in the Kaplan-Meier survival curves in 
Fig. 2, the mean life spans of D. melanogaster at 
CAE concentrations of 10, 20 and 30 mg/ml 
were reduced by 18, 18 and 23% respectively 
(p<0.05). This suggests that the CAE may 
interfere with the physiology of the 
D._melanogaster heat stress response which 
leads to a reduced life span.  

Metabolism is down regulated as a normal response 
to stress in D. melanogaster (Sørensen et al., 2005). 
Glucose, along with other compounds, is the major 
carbon source for nerves. During the early stages of 
D. melanogaster heat stress response, the 
importance of glucose as an energy source for 
nervous tissues becomes more pronounced as 
pathways for other energy sources are down 
regulated (Sørensen et al., 2005). This phenomenon 
could have prevented the flies from modifying and 
clearing CAE which could lead to an increased 
accumulation to potentially toxic levels. Previous 
studies show that other antioxidants such as 
pyrogallol and thiodipropionic acid can reduce life 
span of D. melanogaster (Le Bourg, 2001; Massie, 
1988). 
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Fig. 2: Kaplan-Meier survival curves from heat stress assay.                                 

(A) Consolidated data for both male and female flies from control (no CAE) and experimental set-ups with 10 mg/ml, 20 
mg/ml and 30 mg/ml concentrations of CAE from Ballatinao black rice. The mean life spans of Drosophila were 
reduced by 18, 18 and 23% for 10, 20 and 30 mg/ml CAE concentrations respectively; (B) Data from female set-ups 
only; (C) Data from male set-ups only (n=20 for males per treatment group, n=20 for females per treatment group).  

CAE reduces survival of Drosophila under 
energy-deprivation stress  

Previous studies that involve dietary restriction 
have shown to increase life span in C. elegans 
(Lee et al., 2006) and in D. melanogaster 
(Partridge et al., 2005). Furthermore, C. elegans 
undergoing dietary deprivation (the removal of 
food source) demonstrate an increased life span, 
enhanced thermotolerance and a resistance to 
oxidative stress (Lee et al., 2006). Currently, 
there is no record of Drosophila behavior during 
energy deprivation stress. This study showed that 
D. melanogaster, pre-exposed for two days to 

CAE, have a significantly reduced survival time 
across the three experimental concentrations (p < 
0.05), when placed under energy deprivation 
stress (Kaplan-Meier survival curves in Fig. 3A). 
The reduced survival time may be due to the 
longer persistence of anthocyanin in D. 
melanogaster as a result of lowered oxidative 
stress during energy deprivation, which would 
have otherwise decreased the amount of 
anthocyanin. A steady elevated level anthocyanin 
may be toxic to D. melanogaster. In the sex-
specific survival curves (Fig. 3B and 3C), it was 
revealed that the significant reduction of survival 
is only observed in males and not in females.  
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Fig. 3: Kaplan-Meier survival curves from energy-deprivation stress assay.                                   

(A) Consolidated data for both male and female flies from control (no CAE) and experimental set-ups with 10 mg/ml, 20 
mg/ml and 30 mg/ml concentrations of CAE from Ballatinao black rice. Across all concentrations of CAE, the survival 
curves of fruit flies decreased significantly (p<0.01); (B) Data from female set-ups only. There appears to be no 
significant difference in the survival curves; (C) Data from male set-ups only. The survival curves of the flies across all 
concentrations of CAE were significantly reduced (p<0.01) (n=20 for males per treatment group, n=20 for females per 
treatment group).  

The difference between the sex-specific survival 
curves could be due to fundamental differences in 
the amount of energy requirement in male and 
female flies. Physiologically, females have a 
higher energy demand than males. Thus under 
energy deprived conditions, females are more 
susceptible to the detrimental effects of starvation 
than males. This explains why female flies fed 
with CAE survived just as long as their negative 
control counterparts while males fed with CAE 

died earlier than their corresponding negative 
controls.  

In summary, we propose that in normal 
physiological conditions, the CAE from Ballatinao 
black rice neither prolong nor shorten the life span 
of fruit flies. However, when the flies are exposed to 
heat stress or energy deprivation stress, Ballatinao 
CAE significantly reduces life span possibly by 
increasing susceptibility to these stressors. 
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Conclusions  

To our knowledge, this is the first demonstration 
that anthocyanin, an established antioxidant, can 
potentially be detrimental during stressful 
conditions, at least in D. melanogaster. This 
suggests that not all anthocyanins are beneficial and 
extend longevity.  

We propose a model where heat and energy 
deprivation stressors may lead to reduced metabolic 
activity, which in turn reduces oxidative stress. With 
a lowered oxidative stress level, the utilization of 
anthocyanin in the system will likewise diminish, 
allowing anthocyanins to persist longer, or even 
accumulate. Although anthocyanins are generally 
beneficial due to their antioxidant activity, there 
may exist a level above which it becomes toxic to 
the organism.   

We mentioned earlier that we chose a crude 
anthocyanin extract over a pure extract for our 
assays because it more closely reflects the manner 
by which Ballatinao black rice is consumed. 
However, we strongly recommend testing a purified 
anthocyanin of Ballatinao to conduct studies that 
will unravel mechanisms of its action with regards 
to longevity and stress responses. We also 
recommend the use of other animal model 
organisms such as C. elegans and mice in exploring 
the effect of Ballatinao black rice anthocyanins on 
longevity and stress response. This will determine if 
our observations on D. melanogastor are consistent 
with other species. Furthermore, other black rice 
varieties and other anthocyanin sources can also be 
tested in future experiments. This will enable us to 
evaluate the potential effects on longevity and stress 
responses of anthocyanins from different black rice 
varieties and other anthocyanin-rich sources.  
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