
Abstract 
Hemolytic activity assessment is a widely used method to 

evaluate the toxicity of marine organisms, including jellyfish. 
However, there are some challenges associated with testing 

hemolytic activity. In this study, four methods were employed to 
compare the hemolytic activity of jellyfish tentacle extract (TE). 
Firstly, a microplate reader was used to compare the mouse 
hemoglobin solution at three different wavelengths (415 nm, 541 
nm, and 576 nm), and the most sensitive wavelength was select-
ed for further experiments. Secondly, photomicrograph counting 
was used to determine the number of complete red blood cells in 
the field of view. Thirdly, a microplate reader was used to test 
hemolytic activity in a 96-well plate at 415 nm. Fourthly, a 
Bicinchoninic Acid (BCA) kit was used to test the concentration 
of hemoglobin in the solution. Finally, a UV-Vis 
Spectrophotometer was used to test hemolytic activity at 415 
nm. Among the three wavelengths tested, the absorption value 
was most sensitive at 415 nm. The photomicrograph counting 
method was able to reflect changes in the shape of Red Blood 
Cells (RBCs). The microplate reader method may exhibit devia-
tions when the solution concentration is high, while external fac-
tors could influence the BCA kit when the toxin concentration in 
the experimental group is low. The spectrophotometer method 
was found to be relatively accurate and sensitive to changes. 
When optimizing the method, it is important to consider the 
applicability of the Beer-Lambert law and the concentration of 
solutions. 

 
 

Introduction 
The cannonball jellyfish (Stomolophus meleagris) is a ven-

omous marine organism that belongs to the class Scyphozoa and 
is widely distributed in the Atlantic and Pacific. The jellyfish are 
common in the coastal waters of Zhejiang, Jiangsu, and Liaoning 
provinces in China, so jellyfish stings are often reported.1-3 The 
nematocysts hidden on its body surface contain a highly toxic 
venom which can cause skin redness, swelling, intense pain, tis-
sue necrosis, inflammation, and hemolysis. In severe cases, it 
can even cause shock and death.1,4 With global warming and 
increasing seawater eutrophication, the frequency of offshore 
jellyfish outbreaks has increased, hurting local tourism and cap-
ture fisheries.5,6 

A survey showed that people do not have sufficient knowledge 
about jellyfish stings.7,8 When a human unintentionally touches 
the body surface of a jellyfish, the barbed wire in the nematocysts 
is ejected due to external stimuli and penetrates the human skin, 
injecting the venom into the human body.9 The venom diffuses 
into the subcutaneous capillaries and will be transported to various 
tissues and organs in the body through the blood. Therefore, 
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studying the hemolytic activity of toxins is an important part of the 
toxicity evaluation of toxins. 

At present, the evaluation methods commonly used in labora-
tories to measure the hemolysis effect of toxins include the 
microplate reader method, spectrophotometer method, 
Bicinchoninic Acid (BCA) kit method, and photomicrograph 
counting method. The first three methods are all based on the 
Beer-Lambert law and use specific absorption wavelengths to 
measure the properties of hemoglobin. The photomicrograph 
counting method is based on dropping several experimental sam-
ples on the cell counting plate and measuring them using photo 
imaging and manual counting of intact Red Blood Cells (RBCs) 
in the field of view. The above methods have their advantages, 
disadvantages, and scope of application.10,11 This study used the 
above four methods to determine the hemolysis induced by the 
jellyfish Tentacle Extract (TE). By comparing the effect of four 
kinds of methods, the optimal method for the determination of 
TE hemolysis activity in different concentration conditions was 
obtained, providing references and improvement directions for 
the laboratory to evaluate toxin-induced hemolysis. 

 
 

Materials and Methods 
Preparation of jellyfish toxin samples 

The study utilized jellyfish TE, which were sourced from the 
sea of Shengsi Island, Zhejiang Province in September 2020. 
After species identification, the sample was confirmed to be 
Stomolophus meleagris jellyfish. To obtain the TE, we removed 
the tentacles from the sampled jellyfish and placed them in a dial-
ysis bag, which was then dialyzed in a 1×PBS solution at low 
temperature. The resulting jellyfish TE had an osmotic pressure 
equal to 1×PBS, and was aliquoted and stored in an ultra-low 
temperature refrigerator at -80°C. 

 
Preparation of mouse red blood cell suspension 

The experiment utilized Institute of Cancer Research (ICR) 
male mice, aged 6 to 8 weeks, which were procured from the 
Teaching Support Office of Naval Medical University, Shanghai. 
To collect the blood sample, a blood needle was inserted into the 
mouse’s retro-orbital plexus, and at least 500 mL of blood were 
collected using a 1.5 mL Eppendorf tube soaked in heparin sodi-
um. The collected blood was then rinsed slowly with 700 μL of 
1× PBS solution and centrifuged at 2000×g at room temperature 
for 5 minutes. After centrifugation, the blood was repeatedly 
washed with 1× PBS solution until the supernatant was clear and 
transparent. Subsequently, 100 μL of the RBC pellet at the bot-
tom was aspirated and mixed with 22.2 mL of 1× PBS solution at 
a ratio of 1:222 to form a mouse RBC suspension (0.45% RBC). 
The suspension was gently blended and mixed before use. All 
experiments were conducted according to the guidelines of the 
Committee on Ethics of Medicine of Naval Medical University. 

 
Suitable wavelength screening 

The RBCs of the mouse were suspended and subjected to pres-
sure filtration through a 0.45 μm filter membrane to obtain the 
mouse hemoglobin solution. According to the proportion of TE 
and PBS, the solution was divided into 0%, 1%, 3%, 10%, 15%, 
20%, 30%, 60%, and 100%, in which 0% group was without TE. 

The experimental group used RBCs as the hemolysis object, 
and the control group used PBS as the hemolysis object. All 

groups were determined by a microplate reader. The hemoglobin 
absorption peaks at 415 nm, 541 nm, and 576 nm were measured 
for each sample. 

 
Detection of hemolytic activity 

Experiment grouping and sample addition 

The experiment consisted of 10 experimental groups and 10 
control groups (n=4). Saponin was used as a positive control 
because of its hemolysin, which could destroy RBCs. The groups 
were designated as either experimental (E) or control (C), and the 
sample was added according to Table 1. 

 
Sample processing 

After adding the sample, each group was placed in a water bath 
at 37°C for 30 minutes. Then the mixture was shaken thoroughly 
to ensure even distribution. 

 
Microphotograph counting method 

This method utilized a microscope camera to capture images of 
the RBC suspension after adding TE. The hemolytic activity of TE 
was evaluated by counting the number of intact RBCs within the 
field of view. At the concentration of 0%, the field of view was 
filled with normal RBCs. To begin the cell counting process, 20 μL 
of the experimental group’s cell suspension was carefully placed 
into the COUNTSTAR cell counting plate. A high-resolution 
image of the cells was captured, and the cells were meticulously 
counted using a microscope set at 400× magnification. 

 
Microplate reader 

The experimental and control groups were subjected to cen-
trifugation at 26°C and 2000×g for 5 minutes. Following centrifu-
gation, 100 μL supernatant were added to the 96-well plate. The 
absorbance was measured at 415 nm and the data was recorded. 

 
BCA kit 

The BCA kit is a protein quantification kit that utilizes the col-
oration method of sodium quinolinate chelating cuprous ions.7,12 
Given that both hemoglobin and the main active components in TE 
are proteins, this method can be used to detect hemoglobin in sam-
ples. The BCA kit contained Buffer A solution and Buffer B solu-
tion. Buffer A solution and Buffer B solution were composed of a 
50:1 working solution. The protein standard was diluted with PBS 
to 0.5 mg/mL. We took the protein standard solution separately 
0,1μL, 2μL, 4μL, 8μL,12μL, 16uμL and 20μL to the 96-well plate. 
When the volume of the standard product was less than 20 μL, the 
standard solution was diluted to 20μL. To perform the assay, the 
sample was centrifuged, and 4 μL supernatant was diluted in 16 μL 
1× PBS solution in a 96-well plate. Next, 200 μL BCA working 
solution was added, and the plate was incubated at 37°C for 30 
minutes. The absorbance was measured at 562 nm wavelength 
after subtracting the absorbance of the TE group from that of the 
experimental group. The resulting data could be used to measure 
the hemolysis of blood cells caused by toxins. 

 
Spectrophotometer 

Spectrophotometry is a widely used method for determining 
protein concentration.13 Due to the small sample volume, a 10-fold 
dilution of the sample in 1× PBS solution was necessary before 
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measurement. The samples were placed into the quartz cuvette 
with a 1 cm optical path after mixing 300 μL supernatant with 2700 
μL 1× PBS solution from the aforementioned groups. The 
absorbance was measured at 415 nm and the resulting data was 
recorded. 

 
Result data processing 

The statistical analysis and mapping of data were conducted 
using Microsoft Office and Origin 2018. All data was presented as 
mean ± standard deviation (SD). The Least Significant Difference 
(LSD) method was employed to demonstrate significant differ-
ences between groups (p<0.05). 

Results 
Measurement of the concentration of hemoglobin 
using different wavelengths 

The proposed method relies on data obtained from three key 
absorption wavelengths of mouse hemoglobin. Of these, the 415 nm 
peak exhibited the highest absorbance value and was the most sen-
sitive to changes in gradient concentration. The OD value of 415 nm 
was about ten times higher than the other two wavelengths, making 
it particularly responsive to variations in hemolytic activity (Figure 
1A). Conversely, the percentage of absorbance at 541 nm and 576 
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Table 1. Sample addition table for experimental groups (n=4).  

Number                    Groups (%)                  1× PBS (μL)                     TE (μL)                 0.45% RBC (μL)    Saponin 25 µg/mL (μL) 
E1                                    0 (negative)                                250                                        0                                        250                                        0 
E2                                             1                                       247.5                                     2.5                                       250                                        0 
E3                                             3                                       242.5                                     7.5                                       250                                        0 
E4                                            10                                        225                                       25                                       250                                        0 
E5                                            15                                      212.5                                    37.5                                      250                                        0 
E6                                            20                                        200                                       50                                       250                                        0 
E7                                            30                                        175                                       75                                       250                                        0 
E8                                            60                                        100                                      150                                      250                                        0 
E9                                           100                                         0                                        250                                      250                                        0 
E10                                     positive                                     0                                          0                                        250                                      250 
C1                                    0 (negative)                                500                                        0                                          0                                          0 
C2                                             1                                       497.5                                     2.5                                         0                                          0 
C3                                             3                                       492.5                                     7.5                                         0                                          0 
C4                                            10                                        475                                       25                                         0                                          0 
C5                                            15                                      462.5                                    37.5                                        0                                          0 
C6                                            20                                        450                                       50                                         0                                          0 
C7                                            30                                        425                                       75                                         0                                          0 
C8                                            60                                        350                                      150                                        0                                          0 
C9                                           100                                       250                                      250                                        0                                          0 
C10                                     positive                                   250                                        0                                          0                                        250 
E1 to E10 represent experimental groups with different concentrations,C1 to C10 represented control groups with different concentrations.

Figure 1. Measurement difference of gradient hemoglobin solution under different absorption peaks. A) OD value of three absorption 
wavelengths (n=3); B) Percentage of absorbance of three absorption wavelengths (n=3). If there was an identical letter between the groups, 
the difference was not significant. If there was no identical letter, the difference was significant.
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nm were nearly identical (Figure 1B), so we utilized the 415 nm 
wavelength in subsequent experiments. 

 
Photomicrograph, count, and record of the number 
and morphological changes of RBCs 

In the experimental groups with low concentrations of TE, the 
number of cells significantly increased within the field of view in the 

1% and 3% groups compared with the 0% group. As the concentra-
tion of toxin increased, the RBCs lost water and shrank, causing the 
cell membrane to become fragile and producing blood shadows 
within the field of view (Figure 2A). Ultimately, in the 60% and 
100% groups, almost all blood shadows were visible within the field 
of view. The number of RBCs increased first and then decreased 
(Figure 2B). The microphotograph counting method provided a gen-
eral trend of the hemolytic activity of TE and allowed for the obser-
vation of changes in RBCs at different concentrations of TE on a 
small scale. 

 
Measurement of the optical density (OD) using 
microplate reader 

After centrifugation, the sample’s supernatant was added to a 
96-well plate and measured using a microplate reader.14 Beer-
Lambert law is the theoretical basis of colorimetric analysis and 
spectrophotometry. Beer-Lambert law is finite and established under 
the condition that the substance to be measured is a homogeneous 
dilute solution, gas, etc., without scattering caused by solute, sol-
vent, or suspended matter. The incident light is monochromatic par-
allel light. The TE hemolysis curve was calculated by subtracting the 
background value and the absorbance of the control group’s super-
natant after centrifugation. When the TE concentration was below 
30%, complete hemolysis was not achieved. However, when the TE 
concentration reached 30%, the experimental group underwent com-
plete hemolysis, as indicated by the slower change in absorbance. 
Nevertheless, when the TE concentration reached 60%, the hemoly-
sis rate was higher than the 100% concentration group, indicating a 
deviation in hemolytic activity (Figure 3). When the TE concentra-
tion was less than 20%, the hemolysis and toxin concentration 
showed a linear change. However, when the TE concentration 
exceeded 20%, it approached complete hemolysis and its color 
effects began to show up. In the experimental group with a TE con-
centration over 30%, subtracting the color of TE resulted in a high 
hemolysis rate, making the Beer-Lambert law inapplicable to the 
experimental group with a higher TE concentration. At this point, the 
hemolysis rate did not change regularly with the concentration as the 
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Figure 2. Photomicrograph counting method to measure the hemol-
ysis induced by jellyfish samples. A) Photos of experimental groups 
“E1”, “E2”, “E3”, “E4”, “E7”, “E8”, “E9”, “E10”, scale bar, 25 μm; 
B) Number of RBCs in the photos of experimental groups “E1”, 
“E2”, “E3”, “E4”, “E7”, “E8”, “E9” (n=4). If there was an identical 
letter between the groups, the difference was not significant. If there 
was no identical letter, the difference was significant.

Figure 3. Absorbance of the hemolysis samples measured by 
microplate reader. Percentage of absorbance of hemolysis samples 
at 415 nm wavelength (n=4). If there was an identical letter 
between the groups, the difference was not significant. If there was 
no identical letter, the difference was significant.
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independent variable. The absorption of the microplate reader was 
only applicable at the low concentration range. 

 
BCA reagent quantitative determination  
of protein concentration 

The experimental results indicated that when TE concentration 
exceeded 30%, both the absorbance and hemolytic activity exhibited 
a downward trend. When TE concentration was low, there was an 
obvious deviation between the measured value and the theory. When 
TE concentration was lower than 30%, the correlation between RBC 
hemolysis and TE concentration was stronger (Fig.4.B). However, 
despite these limitations, the overall trend of the BCA method was 
consistent with the theoretical hemolysis situation (Figure 4A). 

Spectrophotometric method for measuring optical 
density (OD) 

TE concentration measured with a visible-ultraviolet spec-
trophotometer was compared with the theoretical concentration, and 
the results were generally consistent (Figure 5A). The data showed 
that the hemolysis rate increased with the increase of TE concentra-
tion. After subtracting the background absorbance with 1× PBS 
solution, the results showed a generally increasing trend in hemolyt-
ic activity (Figure 5B). However, the microplate reader detected a 
deviation in the absorbance of 60% concentration samples, while the 
spectrophotometer showed good sensitivity after dilution. Therefore, 
it can be concluded that the spectrophotometer was a more sensitive 
and accurate method than the microplate reader. Calvaresi et al. also 
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Figure 4. Measurement of the TE samples and hemolysis samples with a BCA kit. A) Comparison between the concentration of TE sam-
ples measured with a BCA kit and the theoretical concentration (n=2); B) Percentage of absorbance of hemolysis in the experimental 
groups. (n=4). If there was an identical letter between the groups, the difference was not significant. If there was no identical letter, the 
difference was significant.

Figure 5. Measurement of the TE samples and hemolysis samples with a visible-ultraviolet spectrophotometer. A) Comparison between 
the concentration of TE samples measured with a visible-ultraviolet spectrophotometer and the theoretical concentration (n=4); B) 
Percentage of absorbance of hemolysis in the experimental groups (n=4). If there was an identical letter between the groups, the difference 
was not significant. If there was no identical letter, the difference was significant.
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demonstrated the accuracy of the spectrophotometer.15 As the solu-
tion was diluted, the concentration of the measured sample did not 
exceed the applicable range of Beer-Lambert law, making the spec-
trophotometer a more accurate method. 

 
 

Discussion 
There are four methods to evaluate hemolysis, and each of 

them has its advantages and disadvantages.10,11 In this study, we 
analyzed the absorption peaks of hemoglobin and found that the 
wavelengths of 541 nm and 576 nm had similar absorbance values, 
while the wavelength of 415 nm had the most sensitive response to 
hemoglobin, with the absorbance value 10 times higher than the 
other two wavelengths. Therefore, we used the 415 nm wavelength 
for subsequent experiments that did not involve the addition of 
other substances for color development. The photomicrograph and 
counting methods are not widely used for accurate hemolytic 
activity evaluation, but they can intuitively see the changes in cell 
morphology as evidence for other methods. It is possible to explain 
some experimental errors by observing the changes of RBCs in the 
microscopic field of view. 

We observed that in samples with a lower TE concentration, the 
number of RBCs in the field of view was significantly higher than 
that of the non-TE groups. Previous studies have shown that lipid 
peroxidation damage and metalloproteinases are the main harm 
caused by jellyfish TE to the human body.16 Lipid peroxidation pro-
duces oxygen free radicals that can destroy the phospholipid bilayer 
structure of the cell membrane, leading to damage.17 Therefore, 
antioxidants usually have a good effect on the treatment of jellyfish 
stings. The slight lipid peroxidation produced by low concentrations 
of TE neutralizes the electric potential of the RBC membrane sur-
face, resulting in the aggregation of RBCs.18,19 After jellyfish sting-
ing, the RBCs in the patient’s blood are more likely agglutinated and 
form thrombus, greatly increasing the incidence of cardiovascular 
and cerebrovascular diseases.20 The destruction of the extracellular 
matrix by metalloproteinases affects RBC permeability and makes 
the cell membrane fragile, weakening, or even lossing protection.21 

RBCs are susceptible to changes in external conditions that 
cause cell damage and hemolysis. Therefore, many blood shadows 
of different sizes are observed in the samples with higher TE con-
centrations. Although the use of a microplate reader simplifies the 
sample measurement process, the difference in absorbance of differ-
ent high-concentration TE samples is still noticeable. We believe 
that in the case of high TE concentration, it is beyond the scope of 
application of Beer-Lambert law, and light scatters slightly in the 
passing through the solution, resulting in a deviation in 
absorbance.22 There is also the possibility that part of the blood 
shadows is not completely precipitated after centrifugation, which 
affects the value of absorbance in the solution. 

In addition to using hemoglobin to absorb specific wavelengths 
of light, we used the BCA protein quantification kit to quantitatively 
measure hemoglobin in the supernatant. We found that with TE con-
centration greater than 30%, subtracting the absorbance of the TE 
measured protein concentration, the hemolytic activity appears to 
decrease. The BCA method was also used to determine hemolytic 
activity. Among the methods mentioned above, three of them are 
based on the Beer-Lambert law, which involves absorbance meas-
urement. However, during the actual measurement process, the color 
of the test sample can interfere with the results, especially when 
hemoglobin is present. This can cause deviations in the experimental 
results, which can exceed the limit of the Beer-Lambert law. 
Additionally, errors can occur due to sample loading mistakes and 

the characteristics of blood cells.23 For example, when measuring 
the hemolysis rate of TE with a microplate reader, the hemolysis rate 
at a TE concentration of 60% could exceed the hemolysis rate at a 
TE concentration of 100%, which was unreasonable. The color of 
TE affected the absorbance and influenced the results. To obtain the 
more accurate results, the spectrophotometer was used for measure-
ment. Diluting the sample in a cuvette could keep it within the appli-
cable range of the Beer-Lambert law. Although this method may be 
more time-consuming, it can result in smaller errors caused by the 
sample addition process and more accurate results. 

Following the successful completion of the aforementioned 
experiments, we proceeded to conduct hemolysis evaluation experi-
ments. To ensure the accuracy of our results, measures were imple-
mented to control the precision of sample addition and minimize the 
potential for errors resulting from human operations. To achieve this, 
we exercised great care when measuring and adding samples, taking 
care to dilute them as much as possible. The purpose was to ensure 
that the samples did not exceed the limit of Beer-Lambert law, which 
would have compromised the accuracy of our results.  

 
 

Conclusions 
In this study, the hemolysis effect of Stomolophus meleagris jel-

lyfish TE was determined by four common laboratory methods: the 
microplate reader method, BCA kit method, spectrophotometer 
method, and photomicrograph counting method. The choice of 
methods depends on what the experimenter is interested in, such as 
RBCs morphology or concentration. We found that different concen-
trations of TE need to correspond to detection methods to obtain 
more accurate results of the hemolysis effect. 

The microplate reader method, BCA kit method, and spec-
trophotometer method are all based on the Beer-Lambert law and 
use specific absorption wavelengths to measure the properties of 
hemoglobin. The color and concentration of TE will affect the 
results of hemolytic activity determination. The microplate reader 
method can simplify the measurement process. However, in the case 
of high TE concentration, it will exceed the scope of the Beer-
Lambert law, and the light will be slightly scattered when passing 
through the solution, resulting in a deviation of absorbance. The 
BCA kit method is more suitable for qualitative detection. When TE 
concentration is low, the measured value by the BCA kit has a large 
deviation from the theoretical value, and the accuracy is insufficient. 
In contrast, the spectrophotometer method is more sensitive and 
accurate. At present, the spectrophotometer method has been widely 
used in scientific research and industrial applications because of its 
high accuracy and reliability in measuring the concentration of var-
ious substances. Since the sample is diluted and the concentration of 
the sample under test remains within the applicable range of the 
Beer-Lambert law, this method takes longer, but the results are more 
accurate. The photomicrograph counting method is not widely used 
to accurately evaluate hemolytic activity; for example, electrostatic 
effects can cause the cell counting method used in microscope analy-
sis to be inaccurate. But using the photomicrograph counting method 
the changes in cell morphology can be visually seen. For example, 
the slight lipid peroxidation caused by a low concentration of TE 
neutralizes the electric potential on the surface of the red cell mem-
brane, resulting in the aggregation of RBCs. By looking at changes 
in RBCs in the microscopic field of view, the results of other detec-
tion methods for the hemolysis effect can be supported. 

It is important to consider the factors that can affect the meas-
urement process to overcome these limitations and improve the 
accuracy of experimental results. For instance, when optimizing 
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the experiment, researchers should consider the limitations of the 
Beer-Lambert law and find ways to reduce the impact of solute 
interactions on the results. This can be achieved by adjusting the 
experimental conditions, such as the concentration of the sample or 
the wavelength of the light used in the measurement. Reliable 
experimental results can be obtained by choosing suitable experi-
mental methods. 

References 
1. Xu Y, Ishizaka J, Yamaguchi H, et al. Relationships of interan-

nual variability in SST and phytoplankton blooms with giant jel-
lyfish (Nemopilema nomurai) outbreaks in the Yellow Sea and
East China Sea. J Oceanogr 2013;69:511-26.

2. Mao C, Hsu CC, Chen KT. Ocular jellyfish stings: report of 2
cases and literature review. Wilderness Environ Med 2016;27:
421-4.

 3. Dong Z, Liu D, Keesing JK. Jellyfish blooms in China:
Dominant species, causes and consequences. Mar Pollut Bull
2010;60:954-63.

4. Huang YX, Wu ZJ, Mehrishi J, et al. Human red blood cell
aging: correlative changes in surface charge and cell properties.
J Cell Mol Med 2011;15:2634-42.

5. Heireman L, Van Geel P, Musger L, et al. Causes, consequences
and management of sample hemolysis in the clinical laboratory.
Clin Biochem 2017;50:1317-22.

6. Forrester MB. Epidemiology of jellyfish stings reported to poi-
son centers in Texas. Hum Exp Toxicol 2006;25:183-6.

7. Cortés-Ríos J, Zárate AM, Figueroa JD, et al. Protein quantifica-
tion by bicinchoninic acid (BCA) assay follows complex kinet-
ics and can be performed at short incubation times. Anal
Biochem 2020;608:113904.

8. Wang T, Wen XJ, Mei XB, et al. Lipid peroxidation is another
potential mechanism besides pore-formation underlying hemol-
ysis of tentacle extract from the jellyfish Cyanea capillata. Mar
Drugs 2013;11:67-80.

9. Xiao L, Zhang J, Wang QQ, et al. In vitro and in vivo haemolytic 
studies of tentacle-only extract from jellyfish Cyanea capillata.
Toxicol In Vitro 2010;24:1203-7.

10. Durhan ST, Sezer EN, Son CD, Baloglu FK. Fast screening of

protein-protein interactions using Förster resonance energy 
transfer (FRET-) based fluorescence plate reader assay in live 
cells. Appl Spectrosc 2023;77:292-302. 

11. Sapan CV, Lundblad RL, Price NC. Colorimetric protein assay
techniques. Biotechnol Appl Biochem 1999;29:99-108.

12. Toom PM, Larsen JB, Chan DS, et al. Cardiac effects of
Stomolophus meleagris (cabbage head jellyfish) toxin. Toxicon
1975;13:159-64.

13. Suriyan S, Haruethaikan K, Piyachat RE. A survey of jellyfish
sting knowledge among Thai divers in Thailand. Int Marit
Health 2019;70:11-6.

14. Kan T, Gui L, Shi W, et al. A survey of jellyfish sting knowledge 
among naval personnel in northeast China. Int J Environ Res
Public Health 2016;13:725.

15. Calvaresi EC, La'ulu SL, Snow TM, et al. Plasma hemoglobin:
A method comparison of six assays for hemoglobin and hemol-
ysis index measurement. Int J Lab Hematol 2021;43:1145-53.

16. Fernandes HP, Cesar CL, Barjas-Castro Mde L. Electrical prop-
erties of the red blood cell membrane and immunohematological 
investigation. Rev Bras Hematol Hemoter 2011;33:297-301.

17. Lee H, Jung ES, Kang C, et al. Scyphozoan jellyfish venom met-
alloproteinases and their role in the cytotoxicity. Toxicon
2011;58:277-84.

18. Spengler MI, Svetaz MJ, Leroux MB, et al. Lipid peroxidation
affects red blood cells membrane properties in patients with sys-
temic lupus erythematosus. Clin Hemorheol Microcirc
2014;58:489-95.

19. Frey J, Guan A, Li Z, et al. Hemoglobin assay for validation and 
quality control of medical device reprocessing. Anal Bioanal
Chem 2015;407:6885-9.

20. Basso L, Rizzo L, Marzano M, et al. Jellyfish summer outbreaks 
as bacterial vectors and potential hazards for marine animals and 
humans health? The case of Rhizostoma pulmo (Scyphozoa,
Cnidaria). Sci Total Environ 2019;692:305-18.

21. Goldring JP. Spectrophotometric methods to determine protein
concentration. Methods Mol Biol 2015;1312:41-7.

22. Sassaroli A, Fantini S. Comment on the modified Beer-Lambert
law for scattering media. Phys Med Biol 2004;49:255-7.

23. Tibballs J, Yanagihara AA, Turner HC, Winkel K.
Immunological and toxinological responses to jellyfish stings.
Inflamm Allergy Drug Targets 2011;10:438-46.

[Journal of Biological Research 2024; 97:11682]

Thematic section | Natural compounds

Non
-co

mmerc
ial

 us
e o

nly




