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Abstract
The objectives of this study were to determine LD50 and establish the safety of ink squid
and cuttlefish hydrolysates. In the acute toxicity study, three groups of female rats were
randomly assigned. One group served as the control and two groups orally received a
single limiting dose (2000 mg/kg body weight) of ink hydrolysates. There were no signs
of adverse toxicity observed in behavioural patterns, clinical signs, and no significant
differences (p>0.05) between the control and treated rats regarding their food and water
consumption and body weight for up to 14 days. The histopathological evaluation
revealed a normal structure and the absence of noticeable lesions in the vital organs of
treated animals. It can be concluded that LD50 value is greater than 2000 mg/kg. The
results showed that the squid ink powder enzyme hydrolysate (SIPEHs) and cuttlefish ink
powder enzyme hydrolysate (CIPEHs) possess low toxicity, as indicated in the rat model.
The preliminary results suggested that it should be further evaluated for long-term use and
repeated dose effects to support the safe use of these hydrolysates.

1. Introduction

Squid ink is also known as a multifunctional
bioactive compound that stimulates thromboxane
Cephalopods, including squid, cuttlefish and production, kills cancer cells, and elevates leukocyte
octopus, are vital economic resources for global fisheries amount (Sasaki et al., 1997). These ink by-products may
and the main delicacy in export markets (Kechaou et al., act as a potential source of secondary metabolites in a
2015). Food and Agriculture Organization [FAO], (2021) broader range of therapeutic applications as alternative
reported that approximately 70-80 thousand tons of medicine (Hossain et al., 2018). In the past few years,
Cephalopods are annually caught in Malaysia. Hence, hydrolysed proteins are effectively used in functional
the increased exploitation of squid generates a foods and protein supplementation due to specific health
considerable number of by-products and is eventually benefits such as reducing protein allergenicity and
discarded, yet they are rich in bioactive nitrogenous enhancing protein digestibility (Rao et al., 2016).
compounds. These by-products represent 40% of total Furthermore, squid by-products hydrolysate with
body weight, including head, viscera, ink, skin and bones improved functional properties is common in the food
(Wang et al., 2019). Wang et al. (2019) expressed an industry (Jiang et al., 2018).
interest in comparative studies of melanogenesis in squid
ink. Melanogenesis is the reaction of melanin pigment
The previous study reported the oral administration
formed by the dark colour of ink produced by tyrosinase, of cuttlefish (Sepia officinalis) ink extract at the high
dopachrome rearranging enzyme and peroxidase dose (5000 mg/kg) and a limiting dose (2000 mg/kg)
(Ahamed et al., 2018). Melanin is a melanoprotein does not result in death nor any sign of toxicity (Soliman
containing 10-15% protein composed of essential and et al., 2014). No mortality or evidence of toxicity is
non-essential amino acids in squid ink (Lestari et al., found in rats administered with cuttlefish ink at a
2019).
limiting dose of 2000 mg/kg per os (Fahmy and Soliman,
2013; Fahmy et al., 2014). However, scanty information
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is available regarding the hydrolysates of squid ink and
cuttlefish ink. The toxicological attempts to
systematically screen their bioactive compounds are also
rare. Given the possible adverse consequences of
enriched peptide formulations, every peptide-based
substance must be tested for further clinical studies
(Barkia et al., 2020).

enzyme hydrolysate (CIPEHs).

2.2 Experimental animals

A total of 15 healthy, nulliparous, and non-pregnant
Sprague Dawley female rats (8-10 weeks old), weighing
(200±30 g) animals used were kept in Animal Research
and Service Centre (ARASC), Universiti Sains Malaysia.
Therefore, this study was focusing on acute oral The rats were housed in polycarbonate cages and were
toxicity since this is the first study to our knowledge given food ad libitum, had free access to distilled water,
assessing the short-term effects of squid and cuttlefish and the standard condition room (temperature, 25±5°C,
ink hydrolysates. The hydrolysates were recently relative humidity, 50±5%, and 12 hrs light/dark cycles).
developed, and the toxicity study was adequate to The procedures followed Institutional Animal Care and
provide crucial basic information on the safe acute doses, Use Committee (IACUC), USM, and the approval
the potential acute effects, and target organs of toxicity number was USM/IACUC/2019/ (117)/ (986).
prior to the repeated dose toxicity study. Following this
2.2.1 Acute toxicity assay
experiment, the subacute, subchronic, and finally,
In accordance with Test Guidelines 425 of the
chronic toxicity studies will also be conducted once the
for
Economic
Cooperation
and
appropriate doses of squid and cuttlefish ink Organization
Development (OECD), the animals were kept for five
hydrolysates were optimized from this current study.
days under standard conditions (Organization of
Economic Co-operation and Development, 2008). After
2. Materials and methods
an acclimation period, the animals were randomly
2.1 Collection and preparation of squid ink powder divided into three groups (n = 5). Two groups were
enzyme hydrolysates and cuttlefish ink powder enzyme treated with SIPEHs and CIPEHs, and one group (the
hydrolysates
control) orally received water only. The rats were fasted
Squid (Loligo duvaucelii) and cuttlefish (Sepia overnight prior to dosing but had free access to water. A
officinalis) were purchased in Taman Tun Saadon Wet limit test was performed with (2000 mg/kg body weight)
Market near Gelugor, Penang. Freshly obtained squid of ink hydrolysates, which were administered by oral
and cuttlefish were dissected, and the ink gland was gavage in a single dose. The food was withheld for 3–4
manually removed from the viscera. The ink glands were hrs after dosing, but the water was ad libitum.
placed in a 30-mesh sieve, pressed, and squeezed out the Throughout the period, the rats were inspected for
ink. The inks collected were placed in a plastic container lethality, general health, and development of any
to put into the blast freezer (Corbanese Tv Italy) at -20oC physical abnormalities for 6 hrs after dosing, periodically
for 3 hrs. The frozen ink later was entered the freeze after 48 hrs, 7 days and thereafter up to 14 days.
dryer (Labconco laboratory freeze dryer) to drain out the Bodyweight was recorded before dosing and periodically
water (lyophilization process) and retain the compound. after 3 days, 6 days, 9 days and 14 days. The food and
The freeze-dried ink was ground to a fine powder with water intake were estimated by subtracting the amount of
an electric grinder. Enzymatic hydrolysis was done leftover from the total amount provided and recorded
according to Kim et al. (2015) with slide modification. daily. In the end, the animals were euthanized using
The squid ink powder and cuttlefish ink powder were carbon dioxide (CO2) in a chamber and the organs (heart,
dissolved in buffer solution and hydrolyzed using liver, lung, stomach and kidney) were excised. All
Alcalase® (from Bacillus licheniformis, 2.972 U/mL) individual organs were examined for any lesions and the
and Papain (E.C.3.4.22.2, from Carica papaya, 3000 features of treated and control groups were compared.
USP-U/mg) at 3% (w/v) enzyme/substrate ratio, Then, the organs were preserved in 10% neutral buffered
respectively. The enzyme treatment was conducted formalin (NBF) for further histopathology evaluation at
according to the recommended dosage, and the optimum the School of Biological Sciences, Universiti Sains
temperature was adjusted for all enzymes used. The Malaysia.
hydrolysis reaction was conducted for 4 hrs and
2.2.2 Histopathological analysis
terminated by placing the hydrolysates in a boiling-water
o
bath at 85 C for 20 mins. After centrifugation (Kubota,
All isolated organs were fixed, routinely processed,
4000, Japan) at 10,000 rpm for 20 mins, the supernatant and embedded in paraffin wax. Paraffin sections (6 µm)
was collected, and freeze-dried. The products were were cut on glass slides and stained with hematoxylin
referred to as the corresponding squid ink powder and eosin (H&E). The slides were examined under a
enzyme hydrolysate (SIPEHs) and cuttlefish ink powder light microscope, and the magnified images of the
eISSN: 2550-2166
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structure of the tissue were captured.

Substantial weight loss is typically a key indicator of
animal welfare deterioration (Schilter et al., 2003).
Instead, the current study revealed no weight loss. There

Figure 2. Cumulative food intake of the rats assigned to
different groups (control, SIPEHs, and CIPEHs)

Table 1. Physical expression and behavioural observations of control, SIPEHs and CIPEHs test groups
6 hrs
48 hrs
7 days
Parameters
C
SP
CP
C
SP
CP
C
SP
Skin and fur
N
N
N
N
N
N
N
N
Eyes
N
N
N
N
N
N
N
N
Salivation
N
N
N
N
N
N
N
N
Mucous membrane
N
N
N
N
N
N
N
N
Respiration
N
N
N
N
N
N
N
N
Somatomotor activity and behaviour pattern
N
N
N
N
N
N
N
N
Sleep
N
N
N
N
N
N
N
N
Convulsions and tremors
Diarrhoea
Itching
Coma
Lethality
C = Control, SP = SIPEHs, CP = CIPEHs, N = Normal, Present (+), Absent (-)
eISSN: 2550-2166

CP
N
N
N
N
N
N
N
-

C
N
N
N
N
N
N
N
-

14 days
SP
N
N
N
N
N
N
N
-

CP
N
N
N
N
N
N
N
-
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were no significant (p>0.05) differences in the body
weight changes between control, and both SIPEHs and
2.3 Statistical analysis
CIPEHs treated groups (Figure 1). All rats in each group
The experimental results were expressed as continued to gain weight throughout the experimental
mean±standard error mean (SEM), and the statistically periods. The accumulated weight in rats revealed that the
analysed by one-way ANOVA followed by multiple administration of crude extracts did not affect the
comparisons by Turkey’s and P ≤ 0.05 were considered growth, did not suppress appetite and exerted no harmful
as statistically significant for bodyweight and cumulative effects on the animals. Moreover, in Figure 2 and Figure
3, data intake showed increased consumption of food and
food intake of rats.
water for control, SIPEHs, and CIPEHs tested groups.
The result suggested no disruption in the metabolism of
3. Results and discussion
carbohydrates, protein, or lipids because these nutrients
3.1 Acute oral toxicity study of animal models
play a major role in different physiological functions of
In the current testing, the limit dose of (2000 mg/kg the body (Saleem et al., 2017).
body weight) of SIPEHs and CIPEHs did not cause any
sign of toxicity during the 14 days of the experiment.
The regular observation of animals showed nonoccurrence signs of distress and no observable symptoms
in general conditions in both treated and control groups
that were recorded in Table 1. All animals were healthy
and showed no changes in physical appearances, such as
the skin, fur, eyes, mucous membranes, and respiratory
system. Unnoticeable changes were observed in
somatomotor activity and behavioural patterns. Tremors,
diarrhoea, and coma did not occur in any of the animals.
Therefore, we infer that the oral LD50 value was higher Figure 1. Bodyweight of control, SIPEHs and CIPEHs groups
than 2000 mg/kg. In principle, the limit test approach in the acute toxicity (for 14 days) studies. Data indicate
mean±SD, n = 5.
recommends the classification of sample tasted based on
the estimated dose level at which the animals are
expected to survive but not intended to establish a
precise LD50 value (Roopashree et al., 2009). The LD50 is
a statistically derived single dose of a substance that can
cause death in 50% of animals when administered orally
(Organisation of Economic Co-operation and
Development, 2001).
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The autopsy in Figure 5 showed no cell degradation
or any unfavourable effects and any differences viewed
in animal organs in SIPEHs and CIPEHs treated
compared with the control group. The current results for
all test groups indicated that the heart showed normal
architecture of the myocardium, the lung had a normal
alveolar structure, and the liver presented a normal
architecture with no evidence of lesion or necrosis was
obtained. In addition, the kidney had no trace of
glomerular damage or lumen casts and normal structures
without any microscopic changes in stomach tissue.
Figure 3. Cumulative water intake of the rats assigned to
Moreover, no evidence of lesion caused by the toxicity
different groups (control, SIPEHs, and CIPEHs)
of the extracts was observed in the organs. This result
means that the dose of SIPEHs and CIPEHs extracts did
3.2 Gross histopathology findings
not affect or change the patterns. The rats did not
No gross pathological lesions, noticeable alterations develop any illness, and only a negligible toxicity level
were observed, and no differences in systemic organs was noted. According to the Globally Harmonized
were exhibited by the groups treated with SIPEHs and System of classification, chemicals can be divided into
CIPEHs compared with the control group (Figure 4). The five groups based on their LD50 value (Occupational
structure or arrangement of each organ in the extract- Safety and Health Administration [OSHA], 2013). The
treated groups was more or less identical to that in the crude extracts of SIPEHs and CIPEHs belong to Group 5
control group. These data provide useful knowledge (LD50 > 2000 mg/kg), a low-toxicity class.
regarding the lack of substance-related symptoms, but
they remain insufficient for adequately representing the
non-toxicity of squid and cuttlefish ink hydrolysates. The
integration of histopathological findings would provide
an improved understanding of the adverse effects. The
organs such as the liver, kidney, heart, lung, and spleen
are major target areas of any toxic substance
metabolically (Auletta, 1995).

Figure 4. Gross observation of systemic organs: heart (A1, A2,
and A3), lung (B1, B2, and B3), liver (C1, C2, and C3),
stomach (D1, D2, and D3), kidney (E1, E2, and E3) from
control, SIPEHs and CIPEHs test groups. There were no gross
abnormalities and major visual differences observed in all
organs. The colour, size, shape, and texture looked comparable
with those of the control group.
eISSN: 2550-2166

Figure 5. Photomicrographs of hematoxylin eosin-stained
systemic organ sections (100X) from the heart, lung, liver,
stomach, and kidney of control, SIPEHs and CIPEHs treated
rats at a limit dose (2000 mg/kg B.W.). There were no
indications of toxicity in all visceral organs examined. Their
cellular arrangements were normal without major
morphological changes and looked comparable with those of
the control group. It is important to note that the differences in
the staining colour of the slides were due to technical
imperfection including staining-batch variations.

Generally, in vivo assays are likely to provide an
early indication of the toxicity of a compound because
the use of in vitro cytotoxicity methods could result in
limited information (Syahmi et al., 2010). Acute oral
© 2021 The Authors. Published by Rynnye Lyan Resources
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