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ABSTRACT

Background: The extensive littoral zones of Karachi, Pakistan, are home to a diverse marine phytoplankton population, including the
underutilized Hypnea musciformis. This red algae is an unexplored potential source of bioactive compounds for pharmacological
use.

Objective: This study aimed to evaluate the cytotoxicity and anti-inflammatory potential of the aqueous extract of Hypnea
musciformis collected from the coastal areas of Karachi.

Methods: Hypnea musciformis was collected from November 2019 to February 2021, with environmental parameters such as
seawater temperature, pH, and salinity recorded. The collected samples were dried, powdered, and extracted in water. The
cytotoxicity was assessed using a brine shrimp lethality test across a range of concentrations (1, 10, 100, and 1000 pg/ml),
determining the LC50 value. Anti-inflammatory activity was evaluated via a membrane stabilization method on human red blood
cells (HRBC), comparing the effects with the standard drug Diclofenac at concentrations ranging from 100 to 200 pg/ml.

Results: The brine shrimp lethality assay showed a dose-dependent increase in mortality with the highest concentration exhibiting
83% mortality, yielding an LC50 value of 550 pg/ml. The anti-inflammatory assay demonstrated that the aqueous extract of Hypnea
musciformis provided a concentration-dependent protection with a maximum protection percentage of 78.64% at 200 pg/ml, while
the control substance, Diclofenac, displayed higher efficacy.

Conclusion: The aqueous extract of Hypnea musciformis possesses significant cytotoxic and anti-inflammatory activities, suggesting
its potential as a source of natural compounds for therapeutic purposes. However, further studies are required to elucidate the
mechanisms of action and to confirm the safety and effectiveness of the extract in clinical applications.

Keywords: Hypnea musciformis, cytotoxicity, anti-inflammatory, brine shrimp lethality assay, membrane stabilization, bioactive
compounds, marine phytoplankton.

INTRODUCTION

The increasing prevalence of heterogeneous tumor and cancer cell populations has intensified the demand for multi-targeted
therapeutic strategies aimed at enhancing the pharmacological efficacy of treatments for cancer and inflammation (1). Despite the
significant advancements in anti-cancer and anti-inflammatory medications, their use is often marred by substantial side effects (2),
underscoring the necessity for safer, more effective alternatives. Historically, herbal plants have been harnessed as medicines,
offering low-cost, lower-risk treatment options compared to their synthetic counterparts (3). However, in the past few decades, the
role of herbal medicines in the research and development landscape of pharmacotherapy has been relatively secondary, despite
their potential health benefits (4). This is particularly true in industrialized nations, where plants and natural compounds have been
increasingly considered as supplementary health measures (5). Among the vast biodiversity of potential medicinal sources, marine
species stand out for their rich phytochemical profiles, having been extensively utilized in traditional healing practices (6).
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The exploration of Pteridophytic plants for their medicinal properties is of significant interest, particularly in the assessment of
cytotoxicity, which serves as a critical indicator of a plant's potential adverse effects on normal cells (7). Such evaluations are essential
to ensure that traditional remedies can transition safely into clinical applications, necessitating rigorous preclinical and clinical testing
(8). Indeed, traditional remedies exhibiting cytotoxic properties hold promise for development into novel anticancer therapies (9),
highlighting the untapped potential of natural products in drug discovery and development—a field that has somewhat neglected
these sources over the last several decades (10). The premise that natural compounds derived from plant extracts could offer potent
anti-inflammatory benefits with minimal or no toxicological risks further supports the exploration of these natural resources (11).
Given Pakistan's rich algal flora, this investigation focuses on the aqueous extract of Hypnea musciformis collected from the coastal
area of Karachi, aiming to assess its toxicity levels and in-vitro anti-inflammatory activity. This study is motivated by the need to
explore safer, more effective therapeutic agents that can complement or even replace conventional treatments fraught with side
effects. Through this research, we seek to contribute to the broader understanding of the pharmacological potential of marine-
derived phytochemicals, positioning Hypnea musciformis as a candidate for further development in the fight against cancer and
inflammation.

MATERIAL AND METHODS

The methodologies for the collection and evaluation of Hypnea musciformis, an intertidal red alga, were meticulously designed to
ensure the validity and reliability of the results. Prior to the commencement of specimen collection, key environmental parameters
such as sea water salinity, pH, and temperature were recorded using a refractometer, pH strips, and a thermometer, respectively, to
ensure that the samples were collected under consistent environmental conditions. The collection phase was conducted over a span
of sixteen months, from November 2019 to March 2021, along the coast of Buleji near Karachi, with particular attention paid to low
tide periods to facilitate access to the intertidal algae.

Upon successful identification by the Department of Botany at the University of Karachi, the specimens of Hypnea musciformis,
belonging to the Rhodophyceae family, were prepared for analysis. The collection process was performed with great care, where
the algae were transported to the laboratory in clearly marked bags. The specimens were then subjected to thorough rinsing with
fresh water, repeated three to five times, and subsequently laid out on nylon gauze to air dry in the shade, preventing any
degradation of sensitive compounds.

For extraction, 10 grams of the dried algal powder were agitated in 100 milliliters of water using a mechanical shaker for a period of
seven hours. The resultant mixture underwent centrifugation at 7000 revolutions per minute for fifteen minutes, after which the
supernatant was filtered using a vacuum filtration system. The aqueous extracts thus obtained were then evaluated for toxicity using
the standard brine shrimp lethality assay (12).

The assessment of the extract’s toxicity involved a careful process of serial dilution, creating concentrations ranging from 1 mg/mL
to 1 ug/mL. Post dilution, test containers were inoculated with ten nauplii and 1 mL of each concentration, and mortality rates were
observed after a 24-hour period. The chronic LC50 value, which indicates the lethal concentration causing 50% mortality in the test
organisms within 24 hours, was determined using the probit analysis method.

In addition to toxicity assays, the anti-inflammatory potential of the Hypnea musciformis extracts was investigated using the human
red blood cell (HRBC) membrane stabilization method (13). Blood samples were collected and treated with Alsever's solution, and
the packed cells obtained post-centrifugation were washed with isosaline to create a 10% v/v solution. The test mixture, consisting
of HRBC solution, hyposaline, and phosphate buffer, was incubated with the extracts. Diclofenac served as the reference drug for
comparison, and hemolysis was measured by the absorbance of the supernatant at 560 nm using a UV-Visible spectrophotometer.
All procedures involving the collection and handling of samples, as well as the experimental assays, were conducted with strict
adherence to ethical guidelines. Data collected during the study was systematically recorded and analyzed using the Statistical
Package for the Social Sciences (SPSS), version 25, ensuring that the analysis was performed with the most current methodologies
available at the time of the study. The comprehensive approach taken in the methodological design of this study aimed to ensure
that the findings on the cytotoxicity and anti-inflammatory potential of Hypnea musciformis would be both robust and reliable,
contributing valuable insights into the pharmacological applications of this marine species.

RESULTS

The results from the brine shrimp toxicity assay reveal distinct mortality patterns between the control and standard groups. In the
control group, where the pH was held constant at 7.1, brine shrimp mortality remained at a consistent 0% across all tested
concentrations of the substance, as reflected by the minimal R-squared value of 0.0016, which implies virtually no correlation
between substance concentration and mortality. In stark contrast, the standard group, at a lower pH of 6.5, showed a progressive
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation.
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increase in mortality with rising concentrations of the substance. This trend is quantitatively depicted by the R-squared value of 0.11,
suggesting a modest linear relationship. Mortality in the standard group escalated with concentration, reaching a definitive 100% at
the highest concentration. The temperature during the assay was controlled between 35 to 37 degrees Celsius, and salinity was
measured between 80 to 140 ppm, which are essential parameters that may influence the outcome but are not directly correlated
with mortality in the provided data.
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Figure 2 Variation of Salinity and Temperature Over Time

In the evaluation of Hypnea Musciformis extract's cytotoxicity through the Brine Shrimp Lethality Test, varied responses were
observed at different concentrations (Table 1). The control group, which was treated with distilled water, exhibited a remarkably
high survival rate of 96% at both 1 pg/mL and 10 pg/mL concentrations, with no mortality (LC50) value applicable as indicated by
the dashes. At a concentration of 100 pug/mL, the survival rate slightly decreased to 93%, and a further increase in concentration to
1000 ug/mL resulted in a perfect survival rate of 100%. The mortality percentage in these groups ranged from 0% to 13.3%, reflecting
the non-toxic nature of the control substance.

Contrastingly, the standard group exposed to Vincristine Sulphate demonstrated a starkly different outcome. There was a consistent
100% mortality rate across all concentrations from 1 ug/mL to 1000 pg/mL, indicating the high toxicity of the standard substance
with an LC50 value firmly at 100 pg/mL.

Table 1: Brine Shrimp Lethality Test (LC50) of Hypnea Musciformis Extract

Plant Extract Concentration Surviving Nauplii | Total Survival | Survival % LC50 Mortality %
(ng/mlL) at 24 hrs Nauplii (ng/mL)
Control (Distilled | 1 10 9 96 0 13.3
H20) 10 10 9 96 - 133
100 10 8 93 - 6.6
1000 10 10 100 - 0
Standard 1 0 0 0 100 100
(Vincristine 10 0 0 0 - 100
Sulphate) 100 0 0 0 - 100
1000 0 0 0 - 100
Hypnea Musciformis | 1 10 8 93 550 5
10 8 7 73 - 30
100 2 3 63 - 36
1000 0 0 16 - 83

The 'LC50 (ug/mL)' column represents the concentration of extract at which 50% mortality of nauplii is observed.
Dashes (-) indicate that the LC50 value is not applicable or not determined for those concentrations.
The 'Mortality %' column represents the percentage of nauplii that did not survive at each concentration.
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Table 2: Anti-Inflammatory Test for Hypnea Musciformis Extract

Concentration (ug/mL) Standard (Diclofenac) Hypnea Musciformis (Aqueous Extract)
Protection % Hemolysis %

100 62.99 37.01

120 75.54 24.46

160 81.81 18.19

200 91.11 8.89

For the Hypnea Musciformis extract, the survival rates at 24 hours post-exposure were 93%, 73%, 63%, and 16% for the respective
concentrations of 1, 10, 100, and 1000 ug/mL. The LC50 value was determined to be 550 pg/mL, with mortality percentages
increasing from 5% to 83% as the concentration rose, revealing a dose-dependent toxicity.

The anti-inflammatory potential of the extract was further assessed and compared with the standard anti-inflammatory agent,
Diclofenac (Table 2). At 100 pg/mL, the standard showed a protection percentage of 62.99%, which increased in a dose-dependent
manner, reaching 91.11% at 200 pg/mL. This correlated with a decrease in hemolysis percentage from 37.01% to 8.89%, respectively.
The Hypnea Musciformis aqueous extract also displayed anti-inflammatory activity, albeit at a lower efficacy than Diclofenac. The
protection percentages ranged from 44.69% at 100 ug/mL to 78.64% at 200 pg/mL, with corresponding hemolysis percentages
decreasing from 55.31% to 21.36%, indicating a moderate anti-inflammatory effect of the algal extract.

These findings demonstrate the dual nature of Hypnea Musciformis extract as both a cytotoxic agent and an anti-inflammatory
remedy, with its efficacy varying in relation to the concentration, thereby necessitating careful consideration in potential therapeutic
applications.

DISCUSSION

The expansive Karachi coastline generates a significant biomass of marine phytoplankton, among which Hypnea musciformis, a
species with considerable potential, remains largely underutilized (14). The survival and distribution of this species are intricately
linked to their habitat, which is pivotal for the thriving of native Hypnea populations (15). During our study period from November
2019 to February 2021, a notable variation in environmental conditions was observed. Specifically, the mean sea temperature
exhibited a decrease from 24°C to 16°C, which corresponded with the periods of peak algal growth noted in November and
December (17). Concurrently, the pH of the sea water showed a gradual increase across the same months. It was evident that
temperature is a critical factor influencing the production of Hypnea musciformis, with optimal growth rates occurring between 18-
24°C, inversely related to biomass and solar irradiance (17). Salinity, another key determinant, showed a similar pattern of
fluctuation, peaking between November and December, then tapering off through January and February. The optimal growth range
of this algal species was identified in salinity levels of 25-40, with a marked decline beyond this range (18).

In assessing the cytotoxic potential of Hypnea musciformis, our findings revealed a direct correlation between extract concentration
and lethality. The brine shrimp lethality assay, which employed varying concentrations of the aqueous extract, highlighted a lack of
mortality in the control group and a stark contrast with a 100% mortality rate in the standard group treated with Vincristine sulphate.
Interestingly, the survival rate was observed to be 5% at the lowest concentration of 1 pug/ml, escalating to an 83% mortality at the
highest concentration of 1000 ug/ml, underscoring a dose-dependent lethality with an LC50 value at 550 pg/ml (19). This lethality
could be attributed to the presence of bioactive phytochemicals such as alkaloids, flavonoids, and terpenoids, known to disrupt the
biochemical and physiological functions of the nauplii by penetrating the plasma membrane (20, 21).

Comparatively, other studies have reported varying LC50 values for extracts from different plant species, demonstrating a range of
cytotoxic effects against several cancer cell lines (19). For instance, Annona reticulata and Brassica oleraceae extracts exhibited LC50
values much higher than our findings, suggesting a lower cytotoxic effect (19). In contrast, extracts from Angiopteris evecta, Pyrrosia
lanceolata, and Adiantum latifolium demonstrated LC50 values in a similar range to our study, indicative of their non-toxic nature
(7).

Turning to the anti-inflammatory activity of Hypnea musciformis, our results indicated a concentration-dependent protective effect,
aligning with a decrease in hemolysis as the extract concentration increased from 100 to 200 pg/ml. This suggests that the aqueous
extract may stabilize the RBC membrane, thereby offering protection against hemolysis (22). A similar protective effect was reported
by Silva M, et al., in 2022, wherein an ethanolic crude extract of P.chaba mirrored the efficacy of acetylsalicylic acid at 500 pg/mi
(22).

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 386



Cytotoxicity and Anti-inflammatory Effects of Hypnea Musciform from Karachi, Pakistan. J°3’33L°;.||'!$at|.th H RR
i ) . and Rehabilita |onl
Igbal W,, et al. (2024). 4(1): DOI: https://doi.org/10.61919/jhrrv4i1.399 Research GEEED

The study emphasized Hypnea musciformis as a species with potential therapeutic applications, given its cytotoxic and anti-
inflammatory activities. While plant extracts with LC50 values greater than 1000 ppm are generally considered inactive, our extract's
LC50 of 550 ug/ml positions it well within the range of biological significance. Furthermore, the membrane-mediated anti-
inflammatory assay revealed a protective effect of up to 78.64%, reinforcing the extract's therapeutic viability. However, it is
pertinent to acknowledge the limitations of this study, including the variability of environmental factors such as temperature and
salinity, which may influence bioactive compound profiles. Future research should aim to standardize extraction procedures and
investigate the specific bioactive components responsible for the observed biological activities. Additionally, in vivo studies and
clinical trials will be critical in determining the safety and efficacy of Hypnea musciformis for therapeutic use.

CONCLUSION

The study concludes that Hypnea musciformis, sourced from Karachi's coast, exhibits promising cytotoxic and anti-inflammatory
properties, with an LC50 of 550 pg/ml suggesting potential therapeutic value. The findings imply that this algal species could be a
viable source of bioactive compounds for developing novel treatments. However, the implications of these results are tempered by
the need for further research to validate the efficacy and safety of the extract in clinical settings, and to understand the influence of
environmental variables on its bioactive constituents.
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