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Abstract: Tiger shrimp (Penaeus monodon) is a species of Crustaceans containing carotenoids in the
shell known as powerful antioxidants. This study aims to determine the total amount of carotenoids in
the extract of tiger shrimp shells and evaluate the antioxidant and anti-cancer cell proliferation activity
by in vitro assay. The extract was obtained by maceration using n-hexane. The total amount of
carotenoids in the extract was to be determined equivalent to [-carotene. The UV-Visible
spectrophotometer measured the sample solution and standard references at the maximum wavelength
of B-carotene (462 nm). Two different methods performed an evaluation of antioxidant activity; 1,1-
diphenyl-2-picryl-hydrazil (DPPH) radical scavenging and [-carotene bleaching method.
Antiproliferative activity was determined toward three different human lung cancer cell lines (H1975,
H3255, and H441) by the thiazolyl blue tetrazolium bromide (MTT) assay. The results showed that the
total carotenoid total is 5.23 mg/g, equivalent to B-carotene. The ICso DPPH value of extract (110.87
pg/mL) indicating medium potency as an antioxidant compared to that in standard quercetin (6.87
ug/mL). However, the bleaching activity of extract (67%) was comparable to that in standard quercetin
(77%). The extract revealed extremely potent antiproliferative activity against the H1975 cell line with
I1Cs0 2.77 pg/mL. Thus, it can be concluded that the tiger shrimp shells extract is a good natural resource
as either antioxidant or anti-cancer cell proliferation activity toward H1975 cell lines.
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1. Introduction

The Food and Agriculture Organization (FAO), shrimp consumption in several
countries is increasing globally. Total shrimp consumption in the USA increased from the
previous year to 496,287 tonnes from January - September 2019. Indonesia is one of the largest
shrimp exporters to the USA, with a total of more than 240,000 tonnes in 2019 [1]. Generally,
shrimp is exported in the frozen form with or without shells, depending on market demand.
Thus, the shrimp processing will remain about 50-60% solid waste as a byproduct [2]. The
increase in shrimp exports is in line with the increase in solid waste in the form of shrimp
shells; therefore, processing and utilization of waste are needed to reduce environmental
pollution.

Previous studies have shown that the shrimp shells waste can be used as a raw material
to produce a high-value product [3-5]. It is due to the active compounds, including 18 — 40%
protein, 35% minerals, and 14 — 30% chitin-chitosan [6-8]. Some studies reported that shrimp
shells are a glucosamine HCI and carotenoid source, especially astaxanthin [9-11]. Carotenoids
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as color pigments in shrimp shells, crab shells, and salmon. These dyes are derived from the
food (algae) eaten by this animal [12,13]; because algae can synthesize xanthophylls groups of
carotenoids, like loraxanthin, astaxanthin, canthaxanthin, diatoxanthin, diadinoxanthin, and
fucoxanthin [13-15]. Several studies have proved that carotenoids contribute not only as
antioxidants but also to many cancer diseases [16-18].

Cancer is the most critical health problem because of high mortality and morbidity
globally. Some inventions provide by scientists and physicians to inhibit cancer progression.
The National Cancer Institute (NCI) reported cancer treatment, including chemotherapy,
surgery, radiotherapy, immunotherapy, hormone therapy, stem cell therapy, and precision
medicine such as nuclear medicine [19]. However, these treatments remain limited, such as
side effects and drug resistance. Besides, cancer cells are known to develop drug resistance due
to mutation progression [20-22]. Therefore, a new treatment method should be invented, such
as the natural product approach [23]. This study aims to determine the total carotenoid content
in the extract of tiger shrimp shells and evaluate its antioxidant activity. The extract will be
evaluated the anti-cancer cell proliferation activity through three different human lung cancer
cell lines; H1975, H3255, and H441.

2. Materials and Methods

2.1. Chemicals and standard solution.

The solvents and other chemicals were of analytical grade. 1,1-Diphenyl-2-picryl-
hydrazyl (DPPH), rociletinib, quercetin, p-carotene, linoleic acid, Tween 80, 3-(4, 5-
dimethylthiazolyl-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) were purchased from Sigma
Chemicals Co. (St. Louis, MO, USA). Deionized water was obtained through a Millipore-Q50
Ultrapure water system (Sartorius). DMEM/Ham’s F-12 and RPMI-1640 medium, penicillin-
streptomycin, phosphate-buffered saline (PBS), and trypsin—EDTA (0.25%) were obtained
from Nacalai Tesque, Inc., (Kyoto, Japan). Fetal bovine serum (FBS) was obtained from
Biowest (Nuaillé, France). The stock solution of B-carotene (¢ = 1000 pug/mL) was prepared by
dissolving 10 mg of B-carotene into 10 mL chloroform. Stock standard solutions of B-carotene
(1000 pg/mL) were used for preparation of calibration standards at the concentrations 2; 3; 4;
5; and 6 pg/mL.

2.2. Sample preparation.

The sample of tiger shrimp shells (Penaeus monodon) was obtained from industrial waste
PT. Bomar Indonesia Makassar. The sample code UW0985002 was collected after the Raw
Material Division of Bomar Group Company was identified as a seafood exporter in Makassar-
Indonesia. The sample was confirmed by the Division of Botany, Pharmacognosy and
Phytochemistry Laboratory, Faculty of Pharmacy, Universitas Muslim Indonesia. The sample
was washed with water, dried in the sun for about two days, after being dried, and then mashed
and sieved to obtain a powder with smaller particle size.

2.3. Determination of total carotenoids content.

This experiment was performed in triplicate. The mixture of shell powder 5 g and n-
hexane 50 mL was placed on the vortex for 30 seconds then placed in the water bath at 50 °C
for 10 minutes. The liquid and the residue were separated using a centrifuge at 3000 rpm for
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five minutes. This procedure was repeated three times, and then the supernatant was
concentrated to obtain a thickened extract [24,25]. The extract of a sample of 10 mg dissolved
in 10 mL of chloroform to obtain 1000 ppm. A 5 mL sample was then diluted with chloroform
in a measuring flask of 10 mL to acquire 500 ug/mL from the solution. The calibration
standards and sample solution were then measured on a UV-Visible spectrophotometer at a
maximum wavelength of 462 nm.

2.4. Determination of antioxidant activity by DPPH assay.

Antioxidant capacity is determined by scavenging the DPPH radical, as described by Liu
et al., which is modified for the present assays. Extract 500 pg/mL were diluted to prepare a
concentration of 50, 100, 150, and 200 pg/mL. Every 1 mL of sample mixed with one mL of
DPPH-solution (0.4 mM) and 2 mL methanol in a lockable glass envelope, transferred in a
disposable polystyrene cuvette, and the UV-Visible spectrum measured after exactly 30 min of
reaction time at the 37 °C. A blank sample was prepared in the same way, but only with 2 mL
methanol and 1 mL DPPH-solution. Every sample was prepared and measured three times.
Due to the photosensitivity of the DPPH, samples are protected from light until analyses [26].
The inhibition of the DPPH radical was calculated with the equation. Inhibition is the ratio
between the decrease of the absorbance in the sample and the blank DPPH solution's initial
absorbance at 515 nm. The same was done for the quercetin 100 pg/mL diluted to get
concentrations 1, 2, 3, and 4 ug/mL as a standard reference. The percentages of inhibition of
the DPPH radical, as a function of the effect extracted fractions, were calculated using the
following equation, where Aco: the absorbance of the control at t=0; Aat: the absorbance of
the samples at t = 30 min.

% Inhibition = w x 100%
co

2.5. Determination of antioxidant activity by p-carotene bleaching assay.

The B-carotene bleaching method is widely used to measure antioxidant activity in
extracts of the natural product. This method is an in vitro test that measures the inhibition of
auto-oxidation of linoleic acid to B-carotene. B-carotene (3.0 mg), linoleic acid (30 mg), and
Tween 80 (600 mg) were dissolved in 5.0 ml of chloroform, respectively. Each solution was
added to the Erlenmeyer flask; the chloroform evaporated, then added deionized water (60
mL), stirred until an emulsion formed. 3-carotene-linoleate emulsion (2.0 mL) was mixed with
an extract solution 1000 pg/mL in n-hexane (1.0 mL) in disposable cuvettes, then incubated at
50 °C in a water bath for 120 min. Absorption at 458 nm of the sample was measured
immediately at 0 min and every 15 min to 120 min with a spectrophotometer [27,28], blank
and control using -carotene-linoleate emulsion (4.0 mL) in n-hexane (0.4 mL). All procedures
were performed triplicate as applied for the quercetin 100 pg/mL as a standard reference.

Antioxidant activity (%) = [(4o — 4;)/ (4§ — A?)] x 100

Where Ap and At are corrected absorbance values for test samples measured at zero time
and after incubation, respectively, while A°Q and A°t have corrected absorbance values for the
control at time zero and at time t after incubation, respectively [29,30].
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2.6. Cell culture.

Human lung cancer cell lines; H441, H3255, and H1975 were cultured in a medium
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin. The cells
were incubated at 37 °C in a COz incubator in an atmosphere of humidified 5% CO2 and 95%
air. The cells were maintained by sub-culturing in 25 cm? tissue culture flasks. Cells growing
in the exponential phase were used for cell viability assay [19].

2.7. Determination of cytotoxicity by MTT assay.

MTT assay was used to determine the inhibition of cancer cell proliferation by extract of
tiger shrimp shells. In brief, cancer cell lines H441, H3255, and H1975 were seeded into 96-
well plates (1 x 10° cells/well in 100 pL of media) and allowed to attach for 24 h. The extract
was prepared 1000 pg/mL in 1% DMSO and serially diluted with media to obtain desired
concentrations 100, 50, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, 0 pg/mL. Cells were treated with serial
concentrations of extract and incubated for 48 h. Cells in the control group supplemented only
media containing 1% DMSO. The test compound containing media was removed and washed
with 100 puL of PBS followed by the addition of 20 uL. of MTT reagent (5 mg/mL MTT in
PBS) and incubated for 3 h at 37 °C. The medium was removed and 100 pL. DMSO was added.
The absorbance measured using a microplate reader at 540 nm, followed by the calculation of
percentage viability. Percentage cell viability = 100 - [((Ao-At)/Ao) x 100], where Ao =
Absorbance of cells treated with 1% DMSO medium, At = Absorbance of cells treated with
extract. 1% (v/v) DMSO in the medium was used as a negative control. Each treatment was
performed in triplicate. Rociletinib was used as a standard reference. 1Cso values were
calculated using dose-response inhibition curves in GraphPad Prism (GraphPad Software 8.0,
La Jolla, CA, USA).

2.8. Statistical analysis.

All of the presented data are the means £ SD of at least three independent experiments.
Statistical analysis was performed by GraphPad Prism 8.0. Differences between groups were
analyzed by two-way ANOVA followed by a Benjamini’s multiple-comparison test. The level
of statistical significance was set to a p < 0.001.

3. Results and Discussion

The maximum extraction of extraction requires that the solvent penetrate the cell and
dissolve the target compounds based on the polarity. Many organic solvents can be used
depending on the polarity of a compound; in this study, we chose n-hexane due to its ability to
extract carotenoids in the sample. The extraction method is carried out with vortex and reflux
at warm temperatures, thus increasing the extraction's effectiveness while considering the
compound's stability. The extraction process is repeated to ensure that no more compounds are
left in the sample.

3.1. Determination of total carotenoids content.

Quantitative analysis of B-carotene was carried out by UV-Visible spectrophotometry at
a wavelength of 462 nm as the maximum wavelength of B-carotene. The concentration series
of 2, 3, 4, 5, and 6 pg/mL references were analyzed on a UV-Visible spectrophotometer at
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maximum wavelength. The obtained absorbance value of [3-carotene can be seen in Table 1,
and from this data, a curve is obtained, as shown in Figure 1. The R2 value is 0.998, correlation
coefficient (r) is 0.998, and VxO0 is 2.3% shows good linearity, where the requirements of r>
0.995 and Vx0 <5% [31]. Linear regression equations obtained y = 0.106x + 0.043 were used
to calculate B-carotene levels in tiger shrimp shells extract samples. The extract was weighed
for 0.5 mg/mL and analyzed in the same wavelength of standard reference, then calculated the
level using the equation of a line. The results of the calculation show the levels of -carotene
of 5.23 mg/g extract.

Table 1. Total amount of carotenoids equivalent to the p-carotene level in tiger shrimp shells

extract.
Sample Concentration Absorbance Level Average
(mg/mL) (462 nm) (mg/g) (mg/g)
Tiger shrimp shells 0.51 0.594 5.20
extract 0.52 0.599 5.25 5.23
0.55 0.599 5.25
0,8
0,7
o 0,6
£ 05
= 04
c y = 0.106x + 0.043
v
2 0,3 R2=0.998
0,2
0,1
0

1 2 3 4 5 6 7

Concentration

Figure 1. The linear curve of B-carotene standard references.

The carotenoid content of the extract is closely related to antioxidant activity, so it is
necessary to test the antioxidant activity to determine the extract's ability to counteract free
radicals. Free radicals are compounds or molecules that contain one or more unpaired electrons
in their outer orbitals. The existence of unpaired electrons causes the compound to be very
reactive in attacking and binding to the electrons surrounding it to trigger the disease. Free
radicals can be formed through normal cell metabolic events, malnutrition, and responses to
external influences such as pollution and ultraviolet light. Free radicals play a role in various
degenerative diseases because free radicals can damage the macromolecules of cell
membranes, DNA, and proteins [32].

3.2. Determination of antioxidant activity by DPPH assay.

The antioxidant mechanism of carotenoids is mostly known as radical scavenging; this
assay is based on measuring the reducing ability of antioxidants toward DPPH. This method is
an in vitro method that is often chosen for antioxidant activity because it is simple, easy, fast,
sensitive, and requires a small sample. This method only requires DPPH without adding a
substrate because free radicals are available directly to touch the substrate. The ability can be
evaluated by electron spin resonance or by measuring the decrease of its absorbance [33]. The
results can be observed by changing the solution from purple to yellow. Color changes indicate
that DPPH has been reduced by the hydrogen or electron donation process of antioxidant
compounds. The absorption decreases gradually as much as the concentration of antioxidant
https://biointerfaceresearch.com/ 11297
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compounds. This method uses ICso as a parameter to determine the concentration of antioxidant
compounds that can inhibit 50% oxidation.

Table 2 showed that the I1Cso of the extract is 110.87 pg/mL. In comparison, the quercetin
is 6.87 ug/mL, which confirmed that quercetin's ability is more potent than extract. The
antioxidant assay results on extracts showed that the ability to extract in counteracting free
radicals was in the medium category. The category as antioxidant based on DPPH assay divided
into; powerful, strong, medium, and weak with the 1Cso <50, 50-100, 100-250, 250-500 pg/mL,
respectively [33].

Table 2. Antioxidant activity of tiger shrimp shells extracts by DPPH method.

Concentrations Absorbance Inhibition 1Cs0
(pg/mL) (515 nm) (%) (pg/mL)
Quercetin

1 0.753 19.55
2 0.704 24.59

PPH 3 0.650 30.15 6.87
4 0.603 34.99

Extract
50 0.640 31.18
100 0.483 47.35
150 0.335 62.59 110.87

200 0.208 75.67

3.3. Determination of antioxidant activity by g-carotene bleaching assay.

Carotenoids are undergoing bleaching when exposed to radicals or oxidize a compound.
This process involves breaking a double bond system conjugated either by addition or by
cleavage of one of the double bonds. The cleavage can be detected by characterizing the
product formed, which is often carbonyl or epoxide. There are at least three possible
mechanisms for carotenoid reactions with radical species; (1) electron transfer to radical; (2)
radical addition; or (3) allylic hydrogen abstraction [34-36].

In the B-carotene bleaching method, absorbance measurements were carried out at a
wavelength of 458 nm as the maximum wavelength spectrum of B-carotene linoleic acid. The
absorbance of the control, quercetin, and extract was carried out for 120 minutes with a 15-
minute interval to inhibit B-carotene degradation, as shown in Table 3 and Figure 2. Quercetin
and extract are considered as substances that can inhibit B-carotene fading, while the control
solution (B-carotene-linoleic emulsion) without the addition of antioxidants showed
significantly fade away (P<0.001). The absorbance data is used to calculate the percentage of
antioxidant activity. According to Hassimotto, the capacity of antioxidants was classified into
three levels: strong antioxidants (> 70%), intermediate (40-70%), and weak (<40%) [37]. The
calculation results showed that the extract is an intermediate antioxidant category with an
inhibition of 67%, while the quercetin is a strong antioxidant with a value of 77%.

Table 3. Antioxidant activity of tiger shrimp shells extracts by -carotene bleaching method.

Incubation time (min) Absorbance (458 nm)
Control (-) Quercetin Extract

0 0.680 + 0.06 0.488 £+ 0.02 0.399 £ 0.01

15 0.474 £ 0.06 0.484 £ 0.02 0.394 £ 0.01

30 0.431+£0.03 0.471£0.01 0.379 £ 0.01

B-carotene 45 0.357 £0.03 0.440+£0.01 0.366 £ 0.01
bleaching 60 0.287 £0.03 0.436 + 0.01 0.362 £ 0.01
75 0.259 £ 0.02 0.415+£0.01 0.336 £ 0.01

90 0.254 £ 0.02 0.401 £0.01 0.304 £0.02

105 0.207 £0.01 0.392 £0.01 0.272 £0.02

120 0.200 £+ 0.01 0.386 + 0.01 0.243 £ 0.02

Activity (%) - 77.1 67.1
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Figure 2. Inhibition activity of quercetin and extract toward p-carotene bleaching.
3.4. Determination of cytotoxicity by MTT assay.

We used three different human lung cancer cell lines in the cell proliferation study based
on the mutation status. The cell lines H1975 (T790M mutation), H3255 (L858R mutation), and
H441 (wild type) were used due to the expression of the EGFR tyrosine kinase that plays a key
role in lung cancer, especially in non-small cell lung cancer (NSCLC) [19]. Nowadays, lung
cancer is the deadliest cancer case worldwide, with approximately 1.8 million deaths in 2018,
and the cases will increase due to the resistance to the current therapy. Thus, there is currently
a great need to invent a new compound inhibiting cancer progression significantly. Here we
present the anti-cancer activity from the tiger shrimp shells extract. The MTT assay in Table 4
showed that the extract has highly potent inhibition activity toward H1975 cells with the 1Cso
2.77 ug/mL. A crude extract will be considered to have in vitro anti-cancer activity based on
the NCI if the ICsp is less than 20 ug/mL [38].

These data clearly explain that tiger shrimp shell is potential as anti-cancer cell
proliferation, particularly to the H1975 lung cancer compared to the reference compound
Rociletinib in Figure 3.

Table 4. The ICsp of the extract and reference compound Rociletinib by MTT assay.

IC
Cells Mutation status % —
Extract (ug/mL) | Rociletinib (uM)
H1975 L858R/T790M 2.77 0.23
H3255 | L858R inactive 0.20
Ha41 Wild type inactive 0.30
A B
1.59 1.0
E E 0.9
ET) I 8 t §
L) 2 08
8 i
E g 07
a 054 -g
i @ 06
< ] (X ] ﬁ
ﬂ.ﬂ T T T T T 1 05 T T T T T 1
4 B8 7 6 5 4 a3 9 8 7 6 5 -4 3
Concentration(LogM) Concentration(LogM)
Figure 3. The cell viability was expressed by the ICsg after exposure to Rociletinib (A) and extract (B) by MTT
assay.
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4. Conclusions

The quantitative analysis showed that tiger shrimp shell extract contains [3-carotene and
has a moderate potency as an antioxidant based on DPPH and B-carotene bleaching assay. The
proliferation assays show that the extract has a high potency to inhibit the H1975 cancer cell
proliferation in opposite to H3255 and H441 cancer cells.
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