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ABSTRACT
Nature has a great diversity of organisms whose bioactive compounds may potentially be studied. When it comes to aquatic life
we find that algae are organisms that are well suited for screening and identification of bioactive compounds due to their
widespread distribution in both salt and freshwater. Our hypothesis is that a crude organic extract of the brown algae Stypopodium
zonale can decrease anxiety-related behaviors in Drosophila melanogaster. Stypopodium zonale was collected in the south coast of Puerto
Rico and the potential anxiolytic-like effects of the extract were studied in an anxiogenic-like behavioral paradigm in Drosophila
melanogaster. This behavior is called centrophobia and is measured using an Open Field Arena (OFA). Validation of the paradigm
gave the expected results as reported in the literature, in which Drosophila exhibits a phobia (avoidance) of remaining in the center
of the OFA, which corresponds to a behavior with anxiety components. The organic extract was dissolved with dimethyl
sulfoxide (DMSO). Toxicity tests were performed both for DMSO and the crude organic extract, and neither showed positive
results. To perform the behavioral trials, 1 mL of the crude extract and 4 mL of water were mixed with 1.8 g of Drosophila food.
The final concentration of the crude extract in the food was 5.4 mg/mL. The adult flies were grown in a tube with the extract
until a considerable quantity of larvae was observed, and then the adults were removed. These new larvae, once turned into adult
flies, were used for the behavioral trials. The behavior of control flies (food without extract) and experimental flies (extractcontaining food) was recorded with a video camera and the results of the centrophobic behavior were analyzed and compared
using quantitative criteria. Both the control and experimental trials were performed in triplicate. The results show that flies grown
in food containing the crude extract present a significant reduction in centrophobia compared with control flies. In conclusion,
our results suggest that the organic crude extract from Stypopodium zonale has anxiolytic-like effects in a Drosophila melanogaster
model with anxiety components. We are currently performing Nuclear Magnetic Resonance (NMR) studies on the crude extracts
to identify the most abundant secondary metabolites. Future experiments should include the administration of the crude extracts
(or fractions of the most abundant secondary metabolites) to a vertebrate model in to test the effect in a behavior with anxiety
components. We are also in the process of developing a preliminary model of possible mechanisms of action of the crude organic
extract in the reduction of centrophobia.
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INTRODUCTION
Algae are aquatic organisms that can be found both in fresh and salt waters. They are classified into classes according to their
color, in which three principal groups can be defined: the brown algae (class Phaeophyceae) the green algae (class Chlorophyceae), and
the red algae (class Rhodophyceae). In this project, we worked with the Phaeophyceae, specifically the alga Stypopodium zonale, found in
the coasts of Puerto Rico. For classification purposes, we followed descriptive and structural criteria described in the book
Caribbean Reef Plants.1
In the world, there are a total of 1500 species of brown algae;2 of these, 65 are found in Puerto Rico. In this project, we used the
brown algae Stypopodium zonale, which is easily found in the south coast of Puerto Rico, specifically at Pozuelo Beach in the town
of Guayama and Punta Guilarte Beach in the town of Arroyo.
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Algae contains a great variety of bioactive compounds, which is why it is being studied and used for the development of
alternative pharmacotherapies to treat different health conditions. 3 A great diversity of organic compounds with an ample
spectrum of biological activity have been isolated from marine algae in the last decades4 including compounds with antiinflammatory capacities, antioxidant activity, and antimicrobial activity, among others. 5 More recently, algal compounds with
neuroprotective abilities have also been reported.6 Since neuroprotection is an inherent requisite for proper neuronal connectivity
in any circuit, including neuronal circuits related to emotions and current drugs for the treatment of anxiety disorders (such as
benzodiazepines) have the potential to generate tolerance, dependence, and addiction, it is important to search for alternative
chemical agents for the pharmacotherapy of anxiety disorders. Moreover, extracts of the brown seaweed Ecklonia cava evoke
anxiolytic-like effect in rats.7 These findings set the rationale for this project.
The aim of this project was to assess the potential anxiolytic effects of crude organic extracts obtained from brown algae (class
Phaeophyceae) as an alternative pharmacotherapy for the treatment of anxiety disorders. Specifically, we aimed to study the
effects of a crude organic extract of the brown algae Stypopodium zonale, the only species of the genus Stypopodium in Puerto Rico.
We used the fruit fly Drosophila melanogaster, as the model system for the behavioral studies. Drosophila has been used for decades as
a model system for genetics, and more recently it has emerged as a model for the study of neurobiological disorders. 8 D.
melanogaster is neuroanatomically different from humans, but it is also very similar regarding neuronal physiology and
neurotransmitters systems. These similarities make Drosophila a versatile and ideal model for the study of behavior and
neuropsychiatric disorders. Some examples of the similarities are the neurotransmitter systems, learning behaviors, and memory.9
In addition to these similarities in cerebral physiology with the human brain, Drosophila are easily maintained and grown under
controlled laboratory conditions.
The paradigm used to generate an anxiety behavior in Drosophila in this project was centrophobia, an innate aversive behavior.10,11
Centrophobia is observed with the use of an Open Field Arena (OFA).12 The centrophobic behavior can be observed when
Drosophila is placed in the center of the OFA and it rapidly moves to the borders, avoiding staying in the middle of the arena. 13,14
The organic crude extract of Stypopodium zonale was administered in the food from the embryo stage until adulthood, and these
adults were used for the behavioral assays.
In summary, the experimental hypothesis is that an organic crude extract of the brown algae Stypopodium zonale will reduce
centrophobia in Drosophila (measured in an OFA). Another important goal of this project is to chemically characterize the
secondary metabolites that could be responsible for the anxiolytic effects of the crude extract. A long-term goal of this project is
to administer the crude Stypopodium zonale extract and/or purified metabolites to vertebrates, such as rats, in specific brain regions
related to anxiety and fear, to assess for any anxiolytic effects.
MATERIALS AND METHODOLOGY
Collection, Storage, and Classification of Brown Algae
Two collections of S. zonale were made for this project. The first collection of algae was in Pozuelo Beach, in the town of
Guayama, Puerto Rico. The second collection was made in Punta Guilarte Beach at Arroyo, Puerto Rico. For both collections,
the algae were stored in plastic bags with seawater and were transported to the laboratory surrounded with ice. They were rinsed
with filtered sea-water, blotted and air-dried, classified, and stored at -200C.
Extraction of the Organic Compounds
Two extractions of the algae Stypopodium zonale were made, one in October 2014 and the other in September 2015. To carry out
the two extractions, an initial quantity of 150 grams and 35 grams respectively were used to obtain a crude extract yield of 2.20
grams (2,200mg) and 0.27 grams (270 mg) of organic solids. The organic solids obtained from each extraction were dissolved in a
total volume of 10 mL dimethyl sulfoxide (DMSO) 23% and 10%, respectively. The step-by-step process for the organic
compound extraction was as follows: algae were crushed in a mortar, triturated in a blender with a mix of dichloromethane and
methanol in a 1:1 proportion. After filtering in a vacuum using a flask, a funnel, two filter papers, and celite sand, the filtrate was
placed in a distillation flask to evaporate the liquid in a rotary evaporator. The organic solids obtained from the second extraction,
dissolved in 10 mL of DMSO 10%, were used for the experimental group of the behavioral assays. The concentration of crude
extract in the total volume of 10 mL of DMSO 10% was 27 mg/mL.
Toxicity Assays with Dimethyl Sulfoxide (DMSO) at 23%
In order to perform a toxicity assay for DMSO at its highest concentration (23% DMSO used in the first organic extraction), 16
flies were placed in a tube. This tube contained about 2 mL of bactoagar 2% and sucrose 5%, with DMSO at 23%, which
solidified at the bottom. The flies were placed under observation for 24 hours. In the first extraction, we were able to dissolve the
solids of the crude extracts with a 23% concentration of DMSO. Although for the second extraction we obtained complete
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dissolution of the solids in the crude extracts using 10% of DMSO, we tested the toxicity of DMSO at its highest concentration
of 23%, for a better assessment of its potential toxic effects.
Preparation of OFA for Assessment of Centrophobia
The Open Field Arena (OFA) was built using two acrylic concentric circles. To cover the circles, a square acrylic top was used.
Air flowed into in the circles through four small spaces that remained in each border between the top acrylic cover and the circles.
To hold the camera used for the behavioral recordings, a polyvinyl chloride (PVC) tripod was constructed. It consisted of two
PVC tubes, one horizontally oriented and the other one vertically oriented. The one placed vertically contained a screw in the
superior part to secure the camera, making it stable. Lastly, two 15 Watt flood lights were placed near the OFA, to maintain
uniform photo-taxis in Drosophila melanogaster throughout the assay.
Control Assays for the Validation of Centrophobia
To perform the validation of this paradigm, a triplicate was made, for a total sample size (n) of 35 flies. These flies grew eating
regular food, which contains 1.8 g of Formula 4-24 food (Carolina Biologicals; proprietary mixture) and 5 mL of water. The flies
were immobilized by exposing them to a temperature of -20°C for five minutes. After this, they were moved to the Open Field
Arena. As soon as the first fly awoke, their behavior was recorded for 10 minutes without interruption. The criteria used to
determine the behavior of centrophobia was the time (in seconds) that the flies remained in the center of the OFA.15 As expected,
the video recordings showed that once the flies awakened, they immediately began moving towards the borders of the OFA,
avoiding staying in the center.
Toxicity Assay with the Organic Extract of Stypopodium zonale
To assess the potential long-term toxicity of the crude organic extract of Stypopodium zonale, 1.8 g of Formula 4-24 food were
mixed with 4 mL of water and 1 mL of the crude extract (at a concentration of 27 mg/mL). The final concentration of the crude
extracts in the 5 mL of food was 5.4 mg/mL. The general behavior and sexual behavior of the flies were observed during nine
days.
Experimental Centrophobia Assays with the Organic Extract of the Algae Stypopodium zonale
For the experimental behavioral assays, and to assess the potential anxiolytic effects of the crude extract, a triplicate was made, for
a total sample size (n) of 41 flies. The adult flies used had been exposed to 5 mL of food containing the crude extract at a
concentration of 5.4 mg/mL since embryo stage. The assays were performed as described in Control Assays for the Validation of
Centrophobia. The video recordings showed that flies exposed to the crude extract remained in the center of the OFA for a longer
period of time than the control flies. With this, it was concluded that the crude organic extract of the algae Stypopodium zonale has
anxiolytic effects on this particular aversive behavior in Drosophila melanogaster.
Chemical Analysis of the Crude Extract from Stypopodium zonale
After evaporation of the solvent mixture, the flask containing the crude extract from S. zonale was placed in a vaccum for one
hour to remove any remaining traces of solvents. A spatula was used to obtain a small sample of the extract, place and dissolve it
in an NMR vial containing 0.5 mL of CDCl3 (deuterated chloroform). Once this was done, the vial was transferred to a Bruker
Avance NMR spectrophotometer to obtain the 1H-NMR (400 MHz) and 13C-NMR (100 MHz) data.
Statistical analysis of the effects of the crude extract from Stypopodium zonale
Results obtained from both the validation of centrophobic behavior assay and the experimental centrophobic assay with the
extract were analyzed using the program Logger Pro 3. The mean and median were obtained for both assays (control and
experimental) and their means were compared for statistical significance using a one-tailed student t-test.
RESULTS
Organic Extractions
Two extractions were made with the Stypopodium zonale algae with a yield of 220 mg/mL and 27mg/mL, respectively.
Toxicity Assays with Dimethyl Sulfoxide (DMSO) at 23%
In the DMSO toxicity assay, no convulsions or deaths were observed. This implies that the DMSO 23% is not toxic for Drosophila
melanogaster.
Toxicity Assay with the Organic Extract of Stypopodium zonale
For the crude organic of S.zonale toxicity assay no changes in mating, copulation, oviposition, and development into adulthood
were observed. This indicates no long-term toxicity of the crude extract to the Drosophila melanogaster.

Volume 13 | Issue 4 | December 2016

71

American Journal of Undergraduate Research

www.ajuronline.org

Validation of Anxiety Behavior (Centrophobia)
The anxiety behavior of centrophobia in Drosophila melanogaster when placed in an OFA was successfully validated. The behavior in
the OFA of flies exposed to regular food (Table 1A) was registered and compared with the behavior of flies exposed to the crude
extract (Table 1B). The mean latency of the flies (time spent in the center of the OFA) was 265 seconds with a standard error of
212 seconds (Figure 2A). The median latency was 236 seconds (Figure 2B).
Behavioral Assays to Assess the Possible Anxiolytic Effects of the Organic Crude Extract of Stypopodium zonale
The flies grown in food containing the crude organic extract of S. zonale showed a considerable and statistically significant
decrease in centrophobia, remaining for longer times in the center of the OFA. The mean latency of the flies was 467 seconds
with a standard error of 180 seconds (Figure 2A). The median latency was 600 seconds (Figure 2B).
Chemical Analysis of the Crude Extract from Stypopodium zonale
The crude extract of S. zonale was analyzed with Nuclear Magnetic Resonance (NMR), which is a powerful technique for the
identification of plant metabolites. Analysis of metabolites using NMR is a fast and successful tool to determine the most
important regions of the spectrum for further analysis. The NMR analyzed in this study was 1H-NMR and 13C-NMR. In the 1HNMR (Figure 1A), signals were present RIYLQ\OLFSURWRQV Ƥ -SSP ơ- KHWHURDWRPV Ƥ -3.5 ppm), allylic protons
Ƥ -2.0 ppm), DQGDOLSKDWLFSURWRQV Ƥ -1.5 ppm). Meanwhile, in the 13C-NMR (Figure 1B), signals of vinylic carbons
Ƥ SSP DQGDOLSKDWLFFDUERQV Ƥ -32 ppm) were present. These two signals are shown only in the 13C-NMR spectrum
because of the time the extract was analyzed. The 1H-NMR and the 13C-NMR spectrums showed signals that are present in cyclic
organic compounds. This is common to find in natural compounds, such as terpenoids, according to the scientific literature.16 We
are currently working in the purification and characterization of the crude extract.

Figure 1. NMR spectra of the crude extract using CDCl3 as a solvent. A. 1H-NMR (400 MHz) spectrum. B. 13C-NMR (100 MHz) spectrum.

DISCUSSION
The objective of toxicity assays was to assess the possibility that the solvent (DMSO) or the S. zonale organic extract could affect
adult or developing flies. First, a toxicity trial of DMSO 23% was done, since it was the highest percentage used to dissolve the
organic solids. Flies exposed to 23% DMSO behaved normally and did not convulse or die. Then we assessed the potential
toxicity of the crude organic extract of S. zonale on a long-term perspective. Adult flies courted and copulated normally, and
embryos developed into normal and sexually active adults.
Centrophobia in Drosophila was validated using flies exposed to regular food (n = 35) and then placed in an OFA. The expected
avoidance behavior in which the flies move quickly to the walls of the OFA was observed, recorded, and quantified. These flies
used for validation of the paradigm also served as the control group.
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Table 1A
Fly Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Time (s)
30
34
68
77
77
84
88
88
137
143
160
172
177
188
210
217
217
256
600
600
100
111
128
131
135
160
279
434
589
600
600
600
600
600
600
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Table 1B
Fly Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Time (s)
107
116
143
152
172
246
247
249
251
264
271
271
334
450
475
494
558
585
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600

Table 1. Time spent by the flies in the center of the OFA. A. Flies exposed to regular food and the time each spent (in seconds) in the center of the
OFA. Time was measured from the moment the fly moved from the center towards the walls of the OFA. The mean obtained was 265 seconds with a
standard deviation of 212 seconds. B. Flies exposed to food with algae extract (5.4 mg/mL) and the time each spent (in seconds) in the center of the
OFA. Time was measured from the moment the fly moved from the center towards the walls of the OFA. The mean obtained was 467 seconds with
a standard deviation of 180 seconds.
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Once the centrophobic behavior of control flies was validated, the assays for assessing the potential anxiolytic effects of the crude
organic extract of S. zonale were performed. The flies used for these assays (n = 41; Table 1B) were exposed to food containing
5.4 mg/mL of the crude organic extract since the embryo stage until adulthood. When compared to control flies (n = 35; Table
1A), these treated flies showed a dramatic and statistically significant increase in time spent in the center of the OFA, which
translates into a decrease in the centrophobic behavior and indicates an anxiolytic effect of the S. zonale organic extract. A
quantitative and statistical analysis of the results obtained for both groups (control and treated flies) was performed and is shown
in Figure 2A (mean, t-test, p-value) and Figure 2B (median). Based on our toxicity assays, DMSO at the concentrations used in
this project is not toxic for the flies. Moreover, there are no reports in the literature of DMSO affecting the behavior of flies on
an OFA. In addition, DMSO does not have any effect on the behavior of flies in the dark/light box test or on flies acutely
exposed to ethanol. These are two other behavioral and motor activity paradigms we are currently working on in our laboratory.

Figure 2A.

Figure 2B.

Figure 2A. Bar graph of the mean time spent in the center of the OFA by flies exposed to food containing 5.4 mg/mL of the organic extract of S. zonale (green
bar; mean = 467 seconds, S. E. = 180 seconds) and flies exposed to regular food (red bar; mean = 265 seconds, S. E. = 212 seconds), p-value = 0.000013, which
is significant at p < 0.05, one-tailed student t-test.
Figure 2B. Bar graphs of the median of the time spent in the center of the OFA by flies exposed to food containing 5.4 mg/mL of the organic extract of S. zonale
(green bar; median = 600 seconds) and flies exposed to regular food (red bar; median = 236).

CONCLUSIONS
As expected, Drosophila melanogaster grown on regular food (control flies) placed in an OFA show centrophobic behavior. Our
results support our experimental hypothesis that flies exposed since the embryo stage to a crude organic extract of the brown
algae S. zonale show a dramatic and significant decrease in centrophobic behavior. Regarding future projects, protein extracts of S.
zonale and organic extracts of Sargassum polyceratium (another brown algae) will be tested for their potential anxiolytic effects. In
addition, we plan to perform the assays by sex (females only and male only) to asses for differences in behavior and response to
the S. zonale extract due to variations in the hormonal milieu between sexes. Finally, we aim to perform these experiments, in a
vertebrate model, such as rats, to assess the anxiolytic effects of the S. zonale crude organic extract or purified metabolites using
other anxiogenic and fear-inducing paradigms.
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PRESS SUMMARY
Nature has a great diversity of organisms with the potential to study their bioactive compounds. When it comes to aquatic life we
find that algae are organisms that are understudied, but this does not recognize the capacity for them to be used as potential
sources of bioactive compounds with therapeutic capabilities. The hypothesis for this project is that a crude organic extract of the
brown algae Stypopodium zonale can decrease anxiety behaviors in Drosophila melanogaster. Stypopodium zonale was collected in the
south coast of Puerto Rico. The anxiolytic effects of the extract were studied in an anxiogenic behavioral paradigm in Drosophila
melanogaster. To generate an anxiety behavior in Drosophila, we used centrophobia in an Open Field Arena (OFA) as the behavioral
paradigm. Validation of the paradigm gave the expected results as reported in the literature, in which Drosophila exhibits a phobia
(avoidance) of remaining in the center of the OFA, which corresponds to an anxiety behavior. The organic extract was dissolved
with Dimethyl Sulfoxide (DMSO) 10%. Toxicity trials were performed, and the results obtained eliminated the possibility of any
toxicity by the DMSO and the crude extracts. To perform the behavioral trials, the crude extract was placed in 5 ml of water at a
concentration of 5.4 mg/ml as a solution to be mixed afterward with 1.8 g of Drosophila food. The adult flies were placed in a
tube with the extract until a considerable quantity of larvae was observed, and then the adults were removed. These newborn
larvae, once turned into adult flies, were used for the behavioral trials. These trials were filmed with a video camera in order to
analyze the results of quantitative measurements. After performing the behavioral trials in a triplicate (flies exposed and not
exposed to the extract), a comparison of the results was made. Flies grown in food containing the crude extract showed a
significant reduction in centrophobia when compared with flies who grew exposed to regular food (control flies). In conclusion,
our results suggest that the organic crude extract from Stypopodium zonale has anxiolytic effects in an anxiety model of Drosophila
melanogaster.
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