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A B S T R A C T

Seaweed farming plays a crucial role in the Philippine economy, particularly in the Caraga region, where 
the cultivation of Kappaphycus spp. is highly prevalent and abundant. This study provided a preliminary 
assessment on its toxicology with a comprehensive comparison between K. alvarezii and K.  striatus 
collected from Barobo, Surigao del Sur. Brine shrimp lethality assay (BSLA) was employed to assess 
the cytotoxic activity of both species. Results revealed that both methanolic crude extracts of two 
species exhibited bioactivity (% mortality) towards the test samples with highly significant Spearman’s 
rho correlation among all concentrations (p<0.001). Comparison of extracts per concentration also 
revealed that K. alvarezii significantly exhibited higher mortality over K. striatus at concentrations of 
1000 μg/mL (p<0.001) and 10 μg/mL (p<0.01). Median Lethal Concentration (LC50) values showed that
K. alvarezii (38.9 ppm) had higher lethality compared to K. striatus (2187.76 ppm) with a highly significant 
statistical difference value of 45.54 (p<0.0001). This study showed potential pharmaceutical implications 
for both species of Kappaphycus. Moreover, the significantly higher lethality of K. alvarezii indicates it as a 
more promising species for further studies on bioactivity potential and medicinal research. Studies on these 
fields would mean an additional potential market for the thriving seaweed industry in Caraga, Philippines.
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A Comparative Assessment on the Cytotoxicity of 
Kappaphycus alvarezii and Kappaphycus striatus Seaweeds 

using Brine Shrimp Lethality Assay

1 Introduction
 
 The cultivation of Kappaphycus spp. in marine 
coastal environments has resulted in substantial 
socioeconomic benefits for communities, especially 
those in coastal areas. Additionally, local coastal 
households' economic reliance on seaweed farming 
is growing, making farmers crucial partners in 
the prudent management of coastal and marine 
resources (Samonte 2017). Through this, seaweed 
farming is regarded as a significant direct-use 

value for coastal and marine ecosystems that 
contributes to positive net present values, along 
with tourism and fishing (Mateo et al. 2021).
 For the Caraga Region in the Philippines, 
its aquaculture subsector contributes mainly 
to the fisheries production in the country, with 
a total production value reaching Php 1.14 
billion in 2019 and a 16.30% share of the total 
fisheries value of production. Specifically in 
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its seaweed industry, Caraga has produced 
8,468.17 metric tons of seaweeds belonging to 
the genus Kappaphycus, and the majority of 
it came from the province of Surigao del Sur, 
accounting for 8,367.62 metric tons (Philippine 
Statistics Authority, 2020). Consequently, the 
consumption of seaweeds, especially Kappaphycus 
spp., is known to be a healthy source of high 
fibers and minerals with low calorie content. 
 Seaweeds generally provide significant 
amounts of protein, vitamins, trace elements, 
and a wide range of secondary metabolites not 
identified in other organisms (Ferraces-Casais et al. 
2012, Senthil et al. 2011). Some species of edible 
seaweed contain significant amounts of vitamins, 
proteins, fibers, carbohydrates, macronutrients 
(N, P, K, Ca, Mg, and S), and micronutrients 
(Zn, Cu, and Mn), are low in fat (about 5%) and 
calorific value (i.e. 827.6 kcal kg-1 dry alga), and 
also possess important biological compounds (e.g. 
terpenoids, alkaloids, photosynthetic pigments, and 
polyamines) that are known to help combat disease 
(Gullón et al. 2021, Oucif et al. 2020, Pati et al. 
2016, Rengasamy et al. 2020, Smith et al. 2010).
 The Philippines' seaweed sector is likewise 
threatened by several interconnected hazards. 
Farmers are mostly confronted with environmental 
dangers (such as disease and pest infestations), 
which, if not controlled well, might lead to the 
failure of seaweed production. The fluctuation 
of the seaweed supply and the poor quality of 
the raw materials are viewed by dealers and 
processors as predecessors to other problems, 
such as greater competition among regional 
traders and processors (Suyo et al. 2021).
 To highlight, one of the environmental-related 
risks that can cause potential issues on health 
are the heavy metals and metalloids (cadmium 
accumulation) from anthropogenic activities, 
including mining, milling, petrochemicals 
processing, printing, the electronics industry, and 
municipal waste, be it directly discharged into 
the marine environment or transported into the 
greater aquatic system via estuaries (Filippini et al. 
2021, Wang et al. 2013). Accordingly, once toxic 
metals are introduced into the aquatic systems 
where seaweeds are cultivated or grow naturally, 
they easily accumulate in the multicellular marine 
macroalgae. With this, it is important to recognize 
that metal accumulation in seaweed is influenced 
not only by anthropogenic sources but also by 

various natural factors impacting the marine 
ecosystem, including volcanic activity and tsunamis 
(Jarvis & Bielmyer-Fraser 2015,  Malain et al. 2012, 
Santawamaitre et al. 2011).
 Given the significant economic value 
and vulnerability of Kappaphycus species to 
anthropogenic pressures, this study sought to 
enhance their commercial potential by evaluating 
their medical applications. Specifically, it aimed 
to conduct a preliminary cytotoxicity assessment 
of Kappaphycus alvarezii and Kappaphycus 
striatus harvested from Barobo, Surigao del 
Sur. Furthermore, the research compared the 
median lethal concentrations (LC50) and overall 
mortality rates of both species to identify potential 
pharmaceutical advantages.

2 Materials and Methods

2.1 Sampling Area
 The study was conducted in the coastal waters 
of Barobo, Surigao del Sur. Three sampling 
stations were set up within the study area (Figure 
1). Station 1, located at 8.56389° latitude and 
126.12972° longitude, cultivated Kappaphycus 
alvarezii. Stations 2 and 3, located at 8.56389° 
latitude, 126.13583° longitude, and 8.56389° 
latitude, 126.13611° longitude, respectively, 
cultivated Kappaphycus striatus. Barobo Lianga 
Bay is a vital coastal zone in the Caraga region, 
contributing significantly to the country's fisheries 
sector (Rasonable et al. 2023). This highlights the 
bay's importance as a key source of livelihood 
and economic activity for the local communities 
involved in milkfish farming.
 Samples shown in Fig. 2 were harvested, placed 
in ziploc bags, and refrigerated under 4 oC for 
proper storage.

2.2 Preparation of Samples for Methanolic 
Extraction
 The crude extraction process for K. alvarezii 
and K. striatus was carried out following the 
method outlined by Guevara (2005). The procedure 
was performed and closely supervised by the 
Regional Standards and Testing Laboratory of the 
Department of Science and Technology in Caraga. 
Stored seaweed samples were washed 3 times with 
distilled water. The samples were then air-dried 
for 86 hours and then freeze-dried for 14 hours to 
achieve the texture ideal for pulverization. 
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Figure 1. Sampling stations within the coastal waters of Barobo, Surigao del Sur. Aerial view of all sampling sites of 
Kappaphycus spp. farms and the established permanent sites using QGIS version 3.18.2.

Figure 2. Actual samples of K. alvarezii (A) and K. striatus (B) harvested from Barobo, Surigao del Sur.

Pulverized 250 grams of K. alvarezii and 183 grams 
of K. striatus were soaked separately in Erlenmeyer 
flasks with 160 ml 95% methanol solution. 
The flasks were covered with rubber stoppers, and 
the samples were soaked for 48 hours. After the 
soaking process, the samples were filtered through 
a Buchner funnel with gentle suction. The flask and 
seaweed material were rinsed with fresh portions of 
methanol. The washings and seaweed material were 

transferred to the funnel, combining the washings 
with the first filtrate. Gentle suction was applied 
to complete the collection of the seaweed extract. 
The residue was then discarded. The filtrate was 
concentrated under vacuo at a temperature below 
50 degrees Celsius to the resulting crude extract of 
20 mL K. alvarezii and 14 mL K. striatus. A 95% 
solution of Methanol was used as a solvent for the 
extraction process since methanol was recorded as 
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the best solvent for extracting bioactive compounds, 
yielding a high content of plant secondary 
metabolites (Truong et al. 2019).

2.3 Preparation of Reagents
 Serial dilution of extracts. Clean test tubes 
were taken and labeled. Stock solutions were 
then prepared for each Kappaphycus spp. crude 
extracts at 100 mg in 10 mL artificial seawater. 
Concentrations of 1000 μg/mL, 100 μg/mL, 10 μg/
mL, and 1 μg/mL were prepared by serial dilution 
from the stock solution. Nine (9) replicates were 
prepared for each of the concentrations.

2.4 Cytotoxicity Test
 For the determination of potential cytotoxicity 
of the Kappaphycus spp. crude extracts, brine 
shrimp lethality assay (BSLA) was performed. The 
method was adapted from Sarah et al. (2017) and 
initially developed by Meyer et al. (1982), with 
minor modifications to suffice the needed number 
of replicates and effectively detect brine shrimp 
nauplii. 
 Three (3) liters of distilled water were prepared 
in a rectangular container with 27 grams of rock salt 
to serve as artificial seawater during the hatching 
of brine shrimp eggs. An electric air pump was 
activated into the bottom of the container for 
proper and continuous aeration. Five (5) grams 
of brine shrimp eggs were then placed in the aerated 
seawater with proper illumination for optimal 
conditions of hatching (Fig. 3A). Hatched nauplii 
were observed after 24 hours of the hatching 
process. Ten nauplii were then carefully transferred 
to the prepared concentrations via a glass dropper 
(Fig. 3B). The number of surviving nauplii was 
then observed after 24 hours of exposure in each 
replicate of serially diluted concentrations (Fig. 3C). 
Artificial seawater served as the control variable.
2.5 Data Analysis
 The nauplii mortality percentage for each 
concentration and the control was calculated, with 
the data presented as the mean along with the 
corresponding standard error. For each test tube, the 
numbers of dead and live nauplii were recorded, and 
the % death was determined as:

 Probit Analysis for the percent mortalities 
was done initially to calculate the median lethal 
concentrations (LC50). Transformation of % 

mortality to probit values was done using Finney’s 
Table (Finney 1952) adapted by Randhawa (2009). 
The 0% and 100% mortality corresponding to a 
probit value of 1.0334 and 8.9538, respectively, 
were followed according to Bliss (1935), which was 
also adopted by (Gomaa et al. 2021). Regression 
analysis was then performed to the probit values (y 
range) with their corresponding concentrations at 
log base 10 (x range). The resulting x variable 1 
and intercept values were then used to calculate the 
LC50 with the following formula:

Wherein:
        a = x variable 1 (slope); y = intercept value.

 Analysis of the T-test was also done to 
determine the significant difference between the 
same concentrations of K. alvarezii and K. striatus. 
Spearman’s rho correlation coefficient was also 
computed to determine the correlation of the 
concentrations to the percentage of mortalities for 
both extracts. Correlation analysis was computed 
through the JASP software version 0.14.1.0. 
Calculation of the descriptive statistics, probit 
analysis, LC50, T-test, and formulation of graphs 
were done using the Microsoft Excel 2016 edition 
and Google Colab. 

3 Results and Discussion 

3.1 Effects of K. alvarezii and K. striatus on Brine 
Shrimp Larvae Mortality
 The cytotoxic effect of bioactive compounds 
is frequently assessed using the brine shrimp 
lethality assay (BSLA). It serves as an initial 
investigation of toxicity among tested plant extracts 
(Ghosh et al. 2015, Kibiti & Afolayan 2016, Sarah 
et al. 2017, Sufian & Haque 2015, Syahmi et al. 
2010), cytotoxicity testing of dental materials, 
heavy metals, cyanobacteria toxins, pesticides, 
fungus toxins, and among others (Sarah et al. 2017). 
Based on the results, data on both K. alvarezii and 
K. striatus showed potential bioactivity towards 
the tested nauplii. Mortalities were observed in 
each concentration after 24 hours of exposure for 
most replicates. Also, the control group had a very 
low mortality rate, which only accounts for 3% of 
its population, indicating the acceptability of the 
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Figure 3. Illustration of the Brine Shrimp Lethality Assay Set-up. A) Brine shrimp hatching stage using a 
rectangular container with continuous aeration and proper illumination, B) Transfer of nauplii to the respective 
concentrations (10 nauplii per concentration), and C) Manual counting of nauplii after 24-hour exposure to 
treatments.

Table 1. Data on percent (%) mortality described as Means with Standard Error Mean (SEM) for both Kappaphycus 
spp extracts.

Concentrations

Mortality (%)

K. alvarezii K. striatus

Mean SEM Min. Max. LC50 
(µg/mL) 

Mean SEM Min. Max. LC50 (µg/
mL) 

1000 µg/mL 88.9 6.8 40 100

38.9

32.2 4.6 10 50

2187.76
100 µg/mL 30 4.4 0 40 26.7 3.3 20 50

10 µg/mL 20 2.9 10 30 6.7 1.7 0 10

1 µg/mL 14.4 3.8 0 30 5.6 2.4 0 20

experiment (Sadat Sadeghi 2018). 
 The BSLA revealed distinct toxicity profiles 
between K. alvarezii and K. striatus. K. alvarezii 
demonstrated a significantly higher mortality rate 
than K. striatus across all tested concentrations. At 
the highest concentration (1000 µg/mL), K. alvarezii 
induced an average mortality of 88.9%, indicating a 
substantial toxic effect. While mortality decreased 
with lower concentrations, it remained notably 
higher than that of K. striatus. K. striatus, on the 
other hand, consistently exhibited lower mortality 
rates. Even at the highest concentration, mortality 
was only 32.2%, suggesting a significantly lower 
toxic potential than K. alvarezii. This trend persisted 
across all concentration levels.
 The observed disparity in toxicity between
K. alvarezii and K. striatus (Fig. 4) has significant 
implications for various applications. If these 
seaweeds are considered for use in food, 

pharmaceuticals, or cosmetics, the higher toxicity 
of K. alvarezii necessitates rigorous safety 
evaluations. Identifying the specific toxic  
compounds and their mechanisms of action is 
crucial for developing mitigation strategies or 
determining safe usage limits (Desideri et al. 
2016). However, this also means that the higher 
toxicity exhibited by K. alvarezii compared to 
K. striatus suggests the presence of potentially 
bioactive compounds within K. alvarezii that could 
have pharmacological applications. Many drugs 
are derived from natural products that exhibit 
some toxicity, often refined through chemical 
modification or isolation of the active compound 
(Khan 2018 Thomford et al. 2018). This being 
said, the toxicity differences between K. alvarezii 
and K. striatus highlight the importance of species-
specific toxicity assessments (Peng et al. 2022). 
Further research is warranted to characterize 
the toxic profiles of these seaweeds fully, identify 
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potential risks, and explore their safe and 
sustainable utilization. Studies employing a wider 
range of concentrations, additional toxicity assays, 
and in vivo models are essential to evaluate the 
safety profile of these seaweeds comprehensively. 

3.2 Median Lethal Concentration (LC50) and correlation 
of treatments to mortalities.
 For the analysis of the correlation between the level 
of concentrations and the percentage of mortalities, 
Spearman’s rho correlation coefficients were employed 
(Table 2). The established level of concentrations and the 
percentage of mortalities showed a positive correlation 
with highly significant p values for both crude extracts 
of K. alvarezii and K. striatus. For K. alvarezii, the 
Spearman’s rho value is 0.797 (p<0.001), while for K. 
striatus, the Spearman’s rho value is 0.781 (p<0.001). 
The positive correlation between concentration and 
mortality rates for both K. alvarezii and K. striatus, 
as indicated by the highly significant Spearman's rho 
values, provides strong evidence for a concentration-
dependent toxic effect of both seaweed extracts on brine 
shrimp larvae. This finding is consistent with the general 
toxicological principle that increasing exposure to a 
toxic or bioactive substance typically results in increased 
adverse effects (Vilas-Boas et al., 2021). Furthermore, 
the similar correlation coefficients for both species 
suggest that while there is a difference in the overall 
toxicity, they exhibit a comparable pattern of increasing 
toxicity with increasing concentration. This information 

is crucial for understanding the potential hazards of 
these seaweeds and determining safe exposure levels.
 The cytotoxicity of both species, as indicated 
by their concentration-dependent toxicity on brine 
shrimp larvae, warrants further investigation into their 
potential bioactivity. While cytotoxicity is often associated 
with negative effects, it can also be a precursor to identifying 
valuable pharmacological compounds (Majolo et al. 2019). 
Many natural products with therapeutic properties exhibit 
cytotoxicity at certain concentrations. These compounds 
often serve as lead compounds for drug discovery and 
development (Chopra & Dhingra 2021). The concentration-
dependent toxicity observed in both seaweed species 
suggests the presence of bioactive compounds that could 
potentially be harnessed for pharmaceutical applications.
 The higher cytotoxicity of K. alvarezii compared to 
K. striatus is particularly intriguing. This could indicate 
a greater abundance or potency of bioactive compounds 
in K. alvarezii. However, further studies are required to 
isolate and characterize these compounds to determine 
their specific biological activities and potential therapeutic 
applications. It is essential to approach this potential with 
caution. While cytotoxicity is a preliminary indicator of 
bioactivity, it does not guarantee the presence of safe and 
effective drug candidates (Aware et al. 2022). Rigorous 
toxicity testing, pharmacological evaluation, and drug 
development processes are essential to ensure the safety 
and efficacy of any potential drug derived from these 
seaweeds. Hence, the observed cytotoxicity of K. alvarezii 
and K. striatus provides a foundation for exploring 

Figure 4. Graph showing the concentration-dependent toxicity of Kappaphycus species.



7

Volume 5 | Issue 2 | December 2024
PRINT ISSN: 2408-3623 | ONLINE ISSN: 2408 3631

Table 2. Data showing the correlation coefficient of percent mortalities from each extract in response to the established 
level of concentrations along with their respective LC50 

Species Spearman's rho p - value LC50 (ppm)

K. alvarezii 0.797*** <0.001 38.9

K. striatus 0.781*** <0.001 2187.6

Note: **p<0.01, ***p<0.001

Figure 5. Graph showing the comparison of means (%mortality) for both Kappaphycus  extracts. Concentrations 
with asterisks have p values <0.01** and <0.001***.

their potential as sources of bioactive compounds with 
pharmaceutical applications. However, comprehensive 
studies are necessary to unlock these species' full 
potential and develop safe and effective drug candidates.
 The comparative analysis of mean mortality rates 
between Kappaphycus alvarezii and Kappaphycus striatus 
at varying concentrations provides further insights into 
their toxicity profiles. A consistent trend emerges, with K. 
alvarezii consistently demonstrating significantly higher 
mortality rates than K. striatus across all concentration 
levels. This observation reinforces the previous findings 
regarding the greater toxic potential of K. alvarezii. 
The most pronounced difference in mean mortality was 
observed at the highest concentration (1000 µg/mL), 
followed by the 10 µg/mL concentration (Fig. 5). These 
findings suggest a potential concentration-dependent 
increase in toxicity for both species, but with a more 
pronounced effect in K. alvarezii. The highly significant 
differences in mean mortality between the two species at 
the 1000 µg/mL and 10 µg/mL concentrations, as determined 
by the t-test (p < 0.001 and p < 0.01, respectively), provide 
strong statistical support for the observed differences. This 
statistical significance strengthens the conclusion that 
the observed differences in mortality rates are not due to 
chance but are likely attributable to intrinsic differences 
in the toxicity of the two seaweed species. This strong 

statistical support further solidifies the notion that K. 
alvarezii possesses a significantly higher toxic potential 
than K. striatus. The concentration-dependent nature of 
the toxicity, particularly evident at higher concentrations, 
warrants further investigation to elucidate the underlying 
mechanisms and to assess the potential implications for 
various applications.
 Median lethal concentration (LC50) is defined as 
the concentration level of a particular substance killing 
half or 50% of the population of test samples, the Brine 
Shrimp nauplii, as used in the previous study (Orsine et 
al. 2012). LC50 is being considered in the study since the 
values vary less than LD1 and LD99, defined as the dosage 
needed to kill 1% or 99% of a particular test population, 
respectively (Gupta 2020). For this study, the differences 
in bioactivity were further supported by the evaluation of 
their respective LC50 (Table 2). The LC50 values provide 
quantitative support for the qualitative observations 
made in the previous analyses. The significantly lower 
LC50 value for K. alvarezii (38.9 µg/mL) compared to 
K. striatus (2187.76 µg/mL) unequivocally demonstrates 
the superior toxicity of K. alvarezii. This implies that 
a substantially lower concentration of K. alvarezii 
extract is required to induce mortality in 50% of the 
brine shrimp population compared to K. striatus.
 The substantial statistical difference (45.54, 
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p<0.0001) between the LC50 values reinforces the 
conclusion that the observed difference in toxicity 
between the two seaweed species is highly unlikely to 
be due to chance (Pocock 2006). These findings further 
emphasize the potential of K. alvarezii as a source of 
bioactive compounds with cytotoxic properties. However, 
as previously mentioned, further investigation is necessary 
to isolate and characterize these compounds to determine 
their specific biological activities and potential therapeutic 
applications. It is crucial to note that while the LC50 
values provide a quantitative measure of acute toxicity, 
they do not necessarily reflect the chronic toxicity or other  
potential adverse effects of these seaweed extracts (Pillai 
et al. 2021). 

3.3 Biochemical composition from previous studies
 Cytotoxicity assessments are pivotal in the 
preliminary evaluation of potential drug candidates. As 
Aslantürk (2018) noted, these assays are indispensable 
tools in in vitro studies. Their efficacy in identifying 
compounds that inhibit or halt cell proliferation makes 
them cornerstone methods in cancer research. The present 
study's findings align with this perspective. The markedly 
lower LC50 value of K. alvarezii compared to K. striatus 
strongly suggests a higher cytotoxic potential in the former 
species. This differential cytotoxicity profile indicates that 
K. alvarezii may harbor compounds with more potent 
biological activities, warranting deeper exploration.
 Previous research has consistently demonstrated that 
K. alvarezii possesses a richer biochemical composition 
than K. striatus, particularly in polysaccharides and fat-
soluble antioxidants (Ariano et al. 2021, Bhuyar et al. 
2021). This disparity in chemical constituents likely plays 
a pivotal role in the observed differences in bioactivity 
between the two species.
 The presence of these compounds in K. alvarezii may 
be correlated with its enhanced cytotoxic properties. By 
delving deeper into the specific compounds responsible 
for the observed cytotoxicity in K. alvarezii, researchers 
can identify potential lead molecules for therapeutic 
interventions. For example, studies have shown that 
certain polysaccharides derived from marine algae 
can exhibit anti-cancer properties by inhibiting cell 
proliferation and inducing apoptosis (Yao et al. 2022). 
Similarly, antioxidant compounds from marine algae have 
been investigated for their potential to protect against 
neurodegenerative diseases and cardiovascular disorders 
(Barbalace et al. 2019, Murray et al. 2018). Therefore, 
the richer biochemical composition of K. alvarezii, 
particularly its higher content of polysaccharides and 
fat-soluble antioxidants, provides a strong foundation for 
exploring its potential as a source of bioactive compounds 
with therapeutic applications. However, further research 
is necessary to isolate and characterize these compounds 
to fully understand their biological activities and safety 
profiles.

4. CONCLUSION

 This study evaluated the cytotoxic effects of K. 
alvarezii and K. striatus on brine shrimp larvae. The 
results demonstrated a significant toxicity disparity 
between the two seaweed species. K. alvarezii consistently 
exhibited a markedly higher mortality rate across all tested 
concentrations, indicating a substantially greater toxic 
potential. A positive correlation between concentration 
and mortality was observed for both species, suggesting 
a concentration-dependent toxic effect. This finding is 
further supported by the LC50 values, with K. alvarezii 
exhibiting a significantly lower LC50, indicating a higher 
acute toxicity. The higher cytotoxicity of K. alvarezii 
is potentially attributed to its richer biochemical
composition, particularly in terms of polysaccharides 
and fat-soluble antioxidants from recent literature. This 
suggests the presence of bioactive compounds within 
K. alvarezii that could potentially have pharmacological 
applications. However, rigorous safety evaluations and 
further research are necessary to isolate and characterize 
these compounds, ensuring their safety and efficacy for 
therapeutic use. In conclusion, this study underscores 
the importance of species-specific toxicity assessments 
and highlights the potential of K. alvarezii as a source 
of bioactive compounds. While the higher toxicity 
necessitates careful handling and application, further 
research is warranted to explore its potential benefits and 
develop strategies for safe and sustainable utilization. 
Research in these areas could expand the market potential 
for the thriving seaweed industry in Caraga, Philippines.
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