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Abstract
Background and Objective: The accumulation of lipofuscin (LF) is an alternative technique to identify age of crustacean species.
However, the exact sites and the level of the LF concentration were unknown especially for different sexes of blue swimming crab,
Portunus pelagicus. Thus, the present study was aimed to identify which part of the eyestalk of P. pelagicus contains more LF levels
in order to establish a specific target part of samples. Materials and Methods: Thus, crab samples for this study were sampled from the
wild habitat at Setiu wetlands, Terengganu, Malaysia. A total of 100 samples of with the same size (80±5 mm carapace width) were
sampled and the eyestalk dissected for LF extraction. The determination of LF sites and levels in the eyestalks organ was taken from the
area between the distal tangential layer (DTL) and proximal tangential layer (PTL). The lower part of the eyestalk was taken from the PTL
until the end of the eyestalk. Results: The upper part of the crabʼs eyestalk was higher in the males crabs compared to the females crabs.
LF index also shown that the upper part of crabʼs eyestalk have higher concentration compared to the lower part. Conclusion: The left
crabʼs eyestalk had the higher LF index especially in males compared to females but the total concentration was higher in female crabs.
Knowing which part has highly dense accumulation of LF helps in LF detection of the tissue and further helps for age determination for
this species.
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the brain. The use of eyestalk ganglia is more practical then

INTRODUCTION

the brain because it makes sample collection easier and
keeps the samples alive.

The accumulation of lipofuscin (LF) in the eyestalk
identify

The blue swimming crabs, Portunus pelagicus is among

age of crustacean. One of the biggest problems in the

the most important species for further climate change and

biochemical analysis of LF (aging pigments) is the lack

pre-commercialization studies13-20. Previous studies by some

of standardization in methodologies. Various techniques

authors have focused on the comparison of LF accumulation

have been done in the past to determine the age of

on the right and left side of the eyestalks. Ju et al.21 and

crustaceans. Another approach that involves fluorescence

Puckett et al.22 looked at on blue crab, Callinectes sapidus

staining and spectrophotometry was used to associate

while Maxwell et al.6 the spiny lobster, Panulirus argus.

organ is

among an alternative technique to

LF with crab age . Lipofuscin (LF) is formed during lipid

All those studies have the same conclusion that right

peroxidation and sugar glycosylation by carbonyl-amino

and left eyestalks contain statistically similar concentrations

crosslinks with biomacrolecules and accumulates slowly

of

within postmitotic cells2. LF is comprised of lipids (30-70%),

been done on P. pelagicus and this species may have

proteins

different concentration

1

(20-50%),

carbohydrates (4-7%) and metals,

extractable age pigments. However, no study has
of

LI

between

right and left

eyestalks.

primarily iron and copper3. Few researchers compared
histology sections of crab tissue with varying LF

This study aimed to identify which part of the eyestalk of

concentrations for age identification4. LF is characterized

P. pelagicus contains more LF levels in order to establish a

by three main properties: (1) it is

contained within

specific target part of samples. The difference of LF

intracellular lysosomal bodies, (2) it has yellow autofluorescent

accumulation in the right and left eyestalks was also observed

emission when excited with ultraviolet or blue light and

to confirm and provide a basis of LF levels data for future
researchers.

5

(3) it accumulates in postmitotic tissues with age . These
properties, along with its unique biochemical and
morphological characteristics, have led researchers

MATERIALS AND METHODS

to

consider LF as a “hallmark in aging”. Because concentration
has been shown to increase with increasing age in animals,

Sampling technique of the population: Crab samples for this

it has served as an age biomarker in many invertebrate

study were sampled from the wild habitat at Setiu wetlands,

aging studies where morphological measurements do not

Terengganu, Peninsular Malaysia (Fig. 1). The samples of

correlate to age6.

P. pelagicus at Setiu Wetlands areas were sampled from

The complex chemical structure of LF allow it to

series

of bio-sampling trips using two method using

auto-fluorescence but, peak emission wavelengths vary in

gill net and second is hunting during the night23-28. The

regards to species, tissue types and concentrations7. Currently,

study was carried out at Crustacean Hatchery, Institute of

this technique is applied to identify age of many other

Tropical

crustaceans such as European lobster, Homarus gammarus8,

January, 2015-March, 2018.

Aquaculture

and Fisheries laboratory from

tiger prawn, Penaus monodon9 and the crayfish species,

A total of 100 samples of each sex with the same size

Cherax quadricarinatus and Pacifastacus leniusculus10,11.

(80 mm CW) were sampled and the eyestalk dissected for LF

It is important that a standard be created for replication

extraction. After obtaining CW and BW measurements, the

and verification of

especially

crabs were anesthetised in an ice bath, the eyestalks removed

important when analysis is used in fishery management for

and tissue from the external portion of the eyestalk was

a

a significant economic and ecological

excised from the structural chitin. All the samples chosen were

value. Furthermore, most of the studies on LF so far have

active crabs without any physical damaged. Dissection was

focused on the brain and the olfactory lobe globuli cell

done carefully in order to keep the lower part of the eyestalk

masses (OLCM) where LF are likely obvious. Sheehy et al.12

in a good condition. The eyestalk of the samples was divided

stated that if LF accumulation correlates with functionality

into two parts, the upper part and lower part (Fig. 2). The

or regionalizations of metabolic activity within tissues, it

segmentation of the part was based on neuron morphologies

could be that patterns of accumulation in the eyestalk

and eyestalk anatomy previously studied by Sztarker et al.29 on

ganglia are quite different from those in the olfactory lobe of

bayshore crab, Hemigrapsus oregonensis. The upper part of

species

with

results.

This

becomes
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Fig. 1: Present study sampling site of Setiu wetlands, Terengganu, Malaysia
Lower part of the
eyestalk

both right and left eyestalk with random size for each sex were
sampled. The conditions of the samples were perfect and
without physical damage. LF extractions of all crab specimens
from wild and cage were carried out following the protocol
adapted from Ju et al.30.
Retinal tissue from the eye were excluded, to overlapping
of fluorescence readings (excitation range of 325-340 nm and
emission of 475 nm) with the LF compounds fluorescence
(excitation of 340 nm and emission of 405 nm). Eyestalk tissues
were placed in a 4 mL amber vial containing 2 mL of a 2:1
dichloromethane-methanol mixture (CH2Cl2-MeOH). Vials were
set on ice and sonicated at 20 watts for 2 min to extract LF
pigment from the solvent. This followed by high power
centrifugation for 10 min. All the supernatant was then
transferred by pipetting to a clean 4 mL amber vial. The
supernatant were dried completely under pressurized
nitrogen gas. Upon completion of drying, the crab LF pellets
were re-dissolved in 4 mL of methanol (MeOH) and vortexed,
followed by removal of 1 mL for protein analysis. The
remaining 3 mL samples were measured (max excitation
340 and max emission 405) using a Cary eclipse routine
fluorescence spectrophotometer.
Calibration of fluorescence readings were carried out
using quinine sulphate (quinine sulfate dissolved in 0.1 N
sulfuric acid) at concentrations of 0-0.3 µg mgG1. In this
method, 1 mL of sample was dried using N2, as protocol to
remove the remaining methanol. Protein concentration was
assayed in order to normalize the fluorescence reading to

Upper part of the
eyestalk
Corneal
ring

Ocular
acicle

Cornea
Ocular
peduncle
Middle curve of
ocular peduncle

Fig. 2: Segmentation of Portunus pelagicus eyestalk
the eyestalk was taken from the area between the distal
tangential layer (DTL) and proximal tangential layer (PTL). The
lower part of the eye stalk was taken from the PTL until the
end of the eyestalk.
Experimental design and lipofuscin extraction: Overall, the
samples taken from wild habitat were measured for their
biological features such as CW, BW and sexes. Twenty five
pairs of samples then performed with lipofuscin analysis for
differentiation of ʻright and leftʼ and ʻupper part and lower
partʼ experiments. As for the comparison of LI between right
and left eyestalk, 50 eyestalk samples from another 25 pairs of
710
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protein concentration of the extracted sample. Individually, all

lower part. There was not even one sample showed LF in

samples were prepared for analysis using bicinchoninic acid

lower part was higher than upper part. Paired-samples student

protein assay kit (BCA), from concentrations of 0-400 µg mLG1

t-test analysis for femaleʼs eyestalk showed that the LI in

1

(400, 200,100, 50, 25,12.5 and 0 µg LG ). The dried proteins

the upper part were also significantly higher than the LI in

were re-dissolved in 200 µL of DI water. As much as 100 µL

the lower part (p<0.001). A comparison of LI between upper

sample were added with 2 mL BCA Working Reagent and

and lower part were shown in Fig. 1. All samples showed at

vortexed at medium speed for two seconds. All samples were

least 50% difference of LI between lower part and upper

incubated at 60EC for 15 min, before cooling at room

part. As for sexes combined result, the upper part of eyestalk

temperature. The absorbance of standards and samples were

shows a mean 38.85±4.79 µg mgG1 (protein) and mean

measured at a wavelength of 562 nm using the Thermo

19.60±3.17 µg mgG1 (protein) for lower part (Table 1). The

Scientific UV-1800-240 V spectrophotometer.

maximum and minimum of LI was 47.27 and 30.58 µg mgG1
(protein) respectively for upper part and 26.28 and
15.12 µg mgG1 (protein) for lower part.

Statistical analysis: A paired-samples student t-test was used
for statistical analyses of different eyestalk segmentation

As for the comparison between right and left eyestalks for

studies. Fisherʼs r to z transformation was done for the right

males, the correlation coefficient of LI was not significantly

and left eyestalks comparison so that the z-score can be

different at p = 0.05. The z observed was less than critical

compared and analyzed for statistical significance by

value and the probability value was greater than 0.05.

determining the observed z-test statistic. For all statistical

The correlation analysis has showed that there are no

analysis, " = 0.05.

differences at all between the LI of left and right eyestalks
of males P. pelagicus. The right eyestalks LI shows a
mean 19.86±10.48 µg mgG1

RESULTS

(protein)

and

mean

24.12±10.67 µg mgG1 (protein) for left eyestalks (Table 2).
The upper part of maleʼs eyestalk showed a mean of

A coefficient of LI for females was also not significantly

39.49±3.92 µg mgG1 (protein) and 19.3±2.54 µg mgG1

different at p = 0.05. The z observed was less than critical

(protein) for lower part (Table 1). The maximum (Max) and

value and the probability value was greater than 0.05.
The correlation analysis has showed that there are no

1

minimum (Min) of LI was 45.57 and 34.66 µg mgG (protein)

differences at all between

1

respectively for upper part and 22.47 and 15.12 µg mgG

the

LI

of

left

and

right

(protein) for lower part. As for females, the upper parts shows

eyestalks of femaleʼs P. pelagicus. The right eyestalks LI

a mean 38.22±5.67 22 µg mgG1 (protein) and mean

shows a

19.91±3.81 µg mgG1 (protein) for lower part (Table 1). The

mean 22.52±9.20 µg mgG1 (protein) for left eyestalks

mean 22.48 µg mgG1 (protein) ±10.75 and

(Table 2).

1

maximum and minimum of LI was 47.27 and 30.58 µg mgG

The relationship of LI and CW for right and left males was

(protein) respectively for upper part and 26.28 and

LI = 9.1922CW-46.126, R2 = 0.8935 and LI = 8.0812CW-36.981,

1

15.12 µg mgG (protein) for lower part.
Paired-samples student-t test analysis showed that the LI

R2 = 0.7595, respectively (Fig. 3a). As for females, the

in the upper part were significantly higher than the LI in the

relationship of LI and CW for right and left was LI = 6.0038,

lower part of males eyestalks (p<0.001). All samples showed

CW-25.488, R2 = 0.6643 and LI = 5.5653CW-21.939, R2 = 0.672,

the LF in upper part were 100% or above higher compare to

respectively (Fig. 3b).

Table 1: Overall mean, standard deviation, minimum and maximum, of LI of males and females Portunus pelagicus from Setiu wetlands, Terengganu, Malaysia
Lipofuscin index (µg mgG1 protein)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters
Mean
Standard deviation
Minimum

Males

Females

Overall

-----------------------------------------------

-----------------------------------------------

-------------------------------------

Upper part

Lower part

Upper part

Lower part

Upper

Lower

39.49

19.30

38.22

19.91

38.85

19.60

3.92

2.54

5.67

3.81

4.79

3.17

34.66

15.12

30.58

15.12

30.58

15.12

Maximum

45.47

22.47

47.27

26.28

47.27

26.28

Number

25.00

25.00

25.00

25.00

50.00

50.00
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(a)

1

Lipofuscin index (µg gG protein)

40

relationship for left and right eyestalk was not significantly
different for both sexes. This study has validated the
findings of previous studies by Maxwell et al.6, Ju et al.21
and Puckett et al.22. Ju et al.21 stated that extractable LF
content between left and right eye-stalks of individual crabs
were significantly correlated (r = 0.86, p<0.005, n = 10).
Maxwell et al.6, their study showed LF concentrations of
replicate left and right eye samples from Dry Tortugas lobsters
were not different (t = 2.29, df = 105, p>0.05). All of these
results show that mostly crustacean having similar LF
accumulation in left and right eyestalks and P. pelagicus also
included.
Sheehy et al.12 states that LF accumulation correlates with
functionality or regionalization of metabolic activity within
tissues, thus the LF in the left and right eyestalks was having
the same concentration of LF since both left and right
eyestalks are relatively having same functionality and same
regions. But in other cases, after comparing the concentration
of LF on different part of eyestalk, they are significantly
different. This showed that even the samples taken from the
same organs or regions, but the different part of the organs
may contain different massive of tissue. In this study case, the
neuron tissue from the lower part of the eyestalk seems to be
lower than the upper part. That is why the concentration of
the LF in the upper part was higher compared to the lower
part of eyestalks. This is the first study operated on differences
of LF in the different part of eyestalks, thus no other finding
from previous study that can be compared to. Based on the
result, the maximum value of LI for lower part not even
reaches the minimum value of upper part. There is
explanation on LI occur higher at the upper part compared to
lower part. The upper part that is close to the retina contains
more LF compared to lower part of the eyestalk. Based on
neuronal tissue image from Sztarker et al.29 study, the neuronal
tissue was more densely accumulated in the upper part of
eyestalk compared to the lower part. The variation of LI in
individual samples shows that these crabs with similar sizes
are not from the same age. However, age differences do not
affect the pattern of high LI in the upper compared to lower
part of the eyestalks.
This study has demonstrated the specific site of LF
accumulation in the eyestalks of P. pelagicus in order to help
future researchers know which part is the best for LF
extraction. This study has concluded that there is significant
difference of LF accumulation in the upper part and lower part
of the eyestalk. This result has indicated that the best part for
LF extraction is from the upper part of the eyestalk. Knowing
which part has highly dense accumulation of LF helps in LF
detection of the tissue and is more accurately and easily
detected by any methods used. Knowing the similarity of LF
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Fig. 3(a-b): A linear regression of LI and carapace width of
(a) Males and (b) Females Portunus pelagicus
from Setiu wetlands, Terengganu, Malaysia
Table 2: Overall mean, standard deviation, minimum and maximum, of LI of right
and left eyestalks of males and females Portunus pelagicus from Setiu
wetlands, Terengganu, Malaysia
Lipofuscin index
------------------------------------------------------------------Male
Female
--------------------------------------------------Parameters
Right
Left
Right
Left
Mean
19.86
24.12
22.48
22.52
Standard deviation
10.48
10.67
10.75
9.20
Minimum
4.52
8.29
7.55
8.76
Maximum
37.17
40.18
37.55
36.88
Number
25.00
25.00
25.00
25.00

DISCUSSION
This study has also showed that there are no significant
differences between LF accumulation in both right and left
eyestalks. The slope of linear regression line of LI and CW
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8.

accumulation between right and left eyestalks helps in
conserving the samples for replication. Both right and left
eyestalks can be used for LF extraction comparison in different
states of the samples for crustaceans including P. pelagicus.
There are no arguments since this data on crustaceans has
been previously validated by several authors as well as from
this latest study.

9.

10.

CONCLUSION
This study have successfully identified that both right and
left eyestalks of P. pelagicus contains LF extraction for further
age determination analysis however, the male left eyestalk
have higher LF index compared to female eyestalk.

11.

SIGNIFICANCE STATEMENT
12.

This study discovers the LF extraction of P. pelagicus
eyestalk which can be beneficial for further age determination
analysis. This study will help the researcher to uncover the
critical areas of related-age determination studies that many
researchers were not able to explore. Thus a new theory on LF
detection of the tissue of other crustacean may be arrived at.

13.
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