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ABSTRACT

Introduction: Sea cucumbers of phylum Echinodermata and class Holothuroidea are found on the
seafloor worldwide and are widely used in Asian folk medicine. Objective: In this article, our team
provide information of the safety consumption as a reference material for the development of func-
tional foods derived from sea cucumber flour. Methods: Stichopus variegatus caught in South
Lampung, Indonesia, was processed into flour by vacuum oven, then extracted using hot water to
produce Stichopus variegatus-water extract (SV-WE). In the end treatment, the kidney and liver of
male BALB/c mice was analysed using hematoxylin and eosin for a histology data, and blood serum
was analysed for biochemical parameters. Results: There was no clinical symptoms in serum bio-
chemistry, histology, and mortality after daily oral administration of SV-WE to male BALB/c mice at
1000, 1500, or 2500 mg/kg body weight/day for 4 weeks. Conclusion: The consumption of SV-WE
to male BALB/c mice was safe, its LDsg has higher than 2500 mg/kg/day. Stichopus variegatus sea
cucumber flour could be utilized as an ingredient in functional foods.
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INTRODUCTION

Sea cucumbers are marine invertebrates of phylum
Echinodermata and class Holothuroidea that are found
on the seafloor worldwide!. Sea cucumbers are
widely used in Asian folk medicine and are tradition-
ally believed to have antibacterial, anti-fungal, an-
ticoagulant, anti-hypertensive, and immune system

boosting properties?

. Scientific investigations have
shown that sea cucumbers contain numerous bioac-
tive compoundsz. Therefore, many researchers, in-
cluding nutritionists and pharmacologists, have inter-
est to study about the potential of nutraceuticals and
functional foods using a sea cucumber>,

Despite advances in the pharmacology fields, it is
still important to seek alternative therapeutic ap-

proaches?.  There is a strong demand for new

medicines that are safe and effective”.

The marine
blue provides a promising source of new therapies,
and it has been conjectured that information from
traditional medical systems could help to guide the
search for useful pharmaceutical agents®. In previ-
ous time, natural products were commonly used for
health maintenance, prevention and treatment of dis-
eases’ .

Sea cucumber could be a source of functional food.
Functional food is effective and safe to use®. On the

other hand, a report from Sri Lanka mentioned that

individuals who consumed sea cucumbers experi-
enced symptoms of vomiting and dizziness . Hashim
et al., (2014) reported that the activity of mice was
reduced after they were intra-peritoneally adminis-
tered with a water extract of Holothuria atra'?. At
higher doses, pathological changes were observed in
the liver, and the extract had an LDsg of 41 mg/kg.
The toxin compounds produced by H. atra are water-
soluble and are found at higher concentrations in the

animal’s viscera than in its outer body wall 1.

In this study, we performed an in vivo evaluation of
aqueous extract from sea cucumber flour effect us-
ing BALB/c mice as a model. Wherein sea cucumber
flour was made from the species Stichopus variegatus
by vacuum oven, which is considered to be an eco-
nomical replacement for freeze drying. Vacuum oven
drying has been used in the industrial-scale process-
ing of raw natural materials into health products, and
it can also eliminate the toxic components of sea cu-
cumbers. As known, there is nutritional value degra-
dation from the raw material into flour product'2.
This study provides information about the safety for
consumption that may serve as a reference material
for the development of functional foods derived from

sea cucumber flour.
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METHODS

Preparation of S. variegatus flour

Fresh sea cucumbers (S. variegatus) bought alive in
South Lampung, Indonesia. S. variegatus flour was
made following Ridhowati et al., (2018) methods 12
Sea cucumber flour was made from S. variegatus fresh
flesh using vacuum oven with temperature 50°C, 65
cmHg for 4 h.

Preparation of Stichopus variegates water
extract (SV-WE)

SV-WE was prepared through the water extraction
method published by Farshadpour et al., (2014) with
minor modifications. Then, 5 g flour sample was
weighed, then sonicated for 30 mins before the sep-

aration was done 13

Animals

Adult male BALB/c mice weighing up to 20 g were
used throughout this study as male mice are not in-
fluenced by hormonal systems. During 7-day adapta-
tion period before the treatment started, each mouse
had free accessibility to consume diet and water.
The experimental proposal was investigated and ap-
proved by the institutional animal ethics committee of
Diponegoro University, Central Java, Indonesia, un-
der the registration number No.289/EC/FKM/2014.
Animal Research Registry Number: LI2AUJJC (http
s://doi.org/10.15419/arr.2019.4)

In vivo study design

An acute toxicity study as a preliminary assessment
was performed before the doses of SV-WE were ad-
ministered orally to the mice. Acute toxicity as-
sessment of two doses of the extract (low dose, 5
mg/kg body weight/day; high dose, 500 mg/kg body
weight/day) was carried out in 10 (n = 5 per group)
male BALB/c mice. The animals showed neither mor-
tality nor signs of toxicity during 7 days of treatment
based on the OECD Guideline 423 ',

Twenty-eight age- and weight-matched male BALB/c
mice were randomly divided into a control group (DO,
Group 1) and three treatment groups (Groups 2, 3,
and 4, which were administered with SV-WE at doses
of 1000 (D1), 1500 (D2), and 2500 (D3) mg/kg body
weight/day, respectively) (n = 5 per group). The as-
say was performed following the reccommendations of
OECD Guidelines 423 '4. Each SV-WE dose was ad-
ministered by oral gavage in a volume of 0.5 mL/kg
body weight once daily for 4 weeks, except the control
animals, who were given a distilled water (free salts).

After an oral treatment, observation of all animals was
done every 30 min for 4 h. The animals were observed
for general appearance twice daily and body weight,
food intake, and water consumption were recorded
weekly from the start of the period. These observa-
tions were continued for 14 days post-administration
for the remaining 28 age-matched BALB/c mice.

Necropsy

At the end of the treatment period, all BALB/c mice
were sacrificed by anaesthesia with ketamine. All or-
gans were carefully examined macroscopically, and
the liver and kidneys were weighed.

Histology

An animal tissue was cut using a microtome with a
slice thickness of 4 x 6 um. The phosphate-buffered
formalin 10% was used for fixing and preserving the
animal organs. For histology, the collected animal tis-
sues were stained using hematoxylin and eosin. The
observation of animal tissue was done under a light
microscope at 100-1000 x magnification.

Serum biochemistry

Serum biochemical parameters (total serum protein,
aspartate aminotransferase [AST], alanine amino-
transferase [ALT], creatinine, blood urea nitrogen,
glucose, and total serum lipid) were measured with
a Daiichi diagnostic reagent kit and an automated
serum analyser (Hitachi 7060 chemistry analyser,
Tokyo, Japan) by the commercial laboratory com-
pany. Sodium (Na), potassium (K), and chloride (Cl)
were measured using an electrolyte analyser (Bayer
644 Na/K/Cl analyser, PA, USA) by the commercial
laboratory company, when the treatment period fin-
ished.

Statistical analysis

All the data were expressed as mean =+ standard de-
viation of three replicates. Statistical tests were done
using SAS 9.1.3 software (SAS Institute, Cary, NC,
USA). Differences with p-values of less than 0.05
(p<0.05) were considered to be significant.

RESULTS

Effects of dietary SV-WE supplementation
on body and organ weights in ice

There was no deaths or abnormal clinical signs re-
lated to oral treatments during 4 weeks. Signifi-
cant increases in body weight, food intake, and liver
weight during the treatment period were observed

in the mice administered with 2500 mg SV-WE/kg,
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relative to those of the control group (p<0.05). In
addition, a statistically significant increase in body
weight was detected in the 2500 mg/kg-administered
group during the post-treatment period, compared
with that of the 1500 mg/kg-administered group (p<
0.05) (Figures 1 and 2).

Serum biochemistry

Serum biochemical data are summarized in Figure 3
and Figure 4. The groups of mice treated with SV-WE
tended to have lower mean serum concentrations of
ALT and AST than control mice during the treatment
period, and higher serum concentrations during the
post-treatment period, with some evidence of a dose-
dependent response.

In this study, the serum concentration of glucose was
significantly altered in experimental groups, com-
pared with that of the control group during both
the experimental and post-treatment periods, most
consistently in the 1500 mg/kg-administered group
(p<0.05). Serum concentration of glucose tended to
be increased in treated mice during the treatment
period and decreased during the post-treatment pe-
riod, in comparison with that of the control group
(Figure 4).

For total lipids, the average concentration of total
lipids in the treated mice was decreased during the
treatment period, but increased during the recovery
period, compared with the control mice, and dif-
ferences among groups were detected by the analy-
sis of variance test during both periods (p<0.05). In
this study, the average concentration of urea was sig-
nificantly different between groups during the treat-
ment period (p<0.05), and a trend towards of a dose-
dependent has decreased between the treated groups
to the control group. Based on the data presented in
Figure 3, the average concentrations of electrolytes
(sodium, potassium, and chloride) did not signifi-
cantly differ between the control and treated mice
during the treatment period (p>0.05). In contrast, the
average concentrations of the electrolytes significantly
differed among groups during the post-treatment pe-
riod (p<0.05) (Figure 4).

Histology

Histological analysis of the liver was performed at the
end of the post-treatment period (Figure 5).

There was no evidence of necrosis among hepatocytes
from the control group and the two lower-dose exper-
imental groups (groups D1 and D2), and hepatocyte
damage in these groups was confined to fat degener-
ation, which is considered to be minor. In groups D1

and D2, the recovery of hepatocytes from a state of
fat degeneration to abnormal histological status also
appeared to be enhanced.

In Figure 6, the histology of kidney during the treat-
ment and post-treatment periods showed that con-
gestion and urinary protein deposits happened dur-
ing the treatment period. Then, the cells returned to
normal conditions after that period. Tubular epithe-
lial cells could recover from a state of urinary deposits
(D2 and D3).

DISCUSSION

Based on Figure 1 and Figure 2, there was no deaths
or abnormal clinical signs related to the oral treat-
ments during observation. Body weight change is of-
ten the first sign of toxicity. The body weight as an
effect of a test substance on this experiment has a sig-
nificant unsure for the target evaluation !°, due to the
first reaction of human body as a toxification and easy

to observe 1.

These were no toxic signs in any of
the examined organs and body weight for all animal
groups, not only at the end but also post observation
(Figures 1 and 2). These changes were transient and
not considered to be related to the SV-WE treatment
because they showed no apparent dose dependence.
Serum biochemistry can be used as an indicator data
of toxicological effects. The fluctuations of ALT and
AST concentration during the treatment and post-
treatment periods (Figures 3 and 4) have indicated
that SV-WE may improve liver function through a
hepatoprotective or antihepatotoxic activity!®. The
total serum protein significantly changed during the
treatment period. This means that there is damage
in the hepatocytes in their structure, but not in their
function '°,

Esmat et al., (2013) demonstrated that hepatotoxic-
ity can be detected as an increased activity of con-
jugated bilirubin, increased concentrations of ALT,
AST, ALP, and an increased ratio of AST/ALT in
serum, as well as an elevated concentration of liver
triacylglycerol . The values of ALT and AST in this
research were still in the standard range of normal
mice; 17-77 U/L for ALT and 54-298 U/L for AST '®.
At the higher of sea cucumber flour extract doses,
AST and ALT levels decreased compared to control
mice. It could be an indicator that there was less
necrosis cells and membrane damaged on hepatocytes
in treated mice than control mice. When necrosis
cells occurred, the cell membrane gets damaged. As
AST/ALT remains in the cells, there was no increase
in AST/ALT concentration in the serum.

The total protein levels in the period of treatment and

post-treatment period were in the standard range !°.
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Figure 1: Effects of Stichopus variegatus-water extract (SV-WE) on body weight, food intake, and relative

organ weight during the treatment period.
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Figure 2: Effects of Stichopus variegatus-water extract (SV-WE) on body weight, food intake, and relative

organ weight during the post- treatment period.

Based on Esmat et al. (2013) studied, hepatoxicity
can be observed from the increase in marker levels of
serum conjugated bilirubin activity, including ALT,
AST, ALP, AST/ALT ratio, and liver triacylglycerol
concentration 7.

Blood glucose levels was high and the liver will con-
vert them into fatty acids through lipogenesis, which
will be stored in the form of triglycerides in adipose
tissues2’. Based on Figure 3 and Figure 4, glucose
levels were decreased in treated mice compared to
controls during the treatment and post-treatment pe-
riods. However, this concentration was still included
in the normal glucose range in mice, which is 62-
175 mg/dL'8. The SV-WE contain no compounds
that could interfere glucose metabolism, especially the
function of the pancreas and liver cells in converting

glucose into glycogen through glycogenesis reactions.
Conversely, the content of sea cucumbers, including
free amino acids and peptides, could be antioxidants,
which increased the effectiveness of insulin?!.

In the treatment period, there was a degradation of
fat deposits in mice body, and lipids are transported
from adipose tissue as free fatty acids (FFA), which are
bound to serum protein albumin. Total lipid was in-
creased in post treatment due to the effect of the treat-
ment time.

Total lipid concentration obtained during both peri-
ods were still in the normal range for mice, which
was equal to 159.25 mg/dL?? and 380 mg/dL?*. It
showed that SV-WE has impacted to reduce the to-
tal lipid in blood serum. Reducing the total lipid
could be suspected through two mechanisms, includ-
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Figure 3: Effects of Stichopus variegatus-water extract (SV-WE) on serum glucose, total protein, total lipid,
ALT, AST, urea, natrium, potassium, and chlorine during the treatment period (4 weeks).
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Figure 4: Effects of Stichopus variegatus-water extract (SV-WE) on serum glucose, total protein, total lipid,
ALT, AST, urea, natrium, potassium, and chlorine during the post-treatment period (4 weeks).
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Figure 5: Histology of the liver following 4 weeks of Stichopus variegatus-water extract (SV-WE) treatment
and 2 weeks of recovery . (A) The control group showed tubular epithelial cells containing normal nuclei (black
arrow). (B) Group D1 showed congestion (blue arrow and asterisks) and urinary protein deposits (yellow arrow).
(€) Group D2 showed normal cells. (D) Group D3 showed normal cells and slight urinary protein deposits (yellow
arrow). Haematoxylin and eosin staining at 400 x magnification.

Figure 6: Histology of the kidney following 4 weeks of Stichopus variegatus-water extract (SV-WE) treat-
ment and 2 weeks of recovery. (A) The control group showed tubular epithelial cells containing normal nuclei
(black arrow). (B) Group D1 showed congestion (asterisks) and urinary protein deposits (yellow arrow). (C) Group
D2 showed normal cells. (D) Group D3 showed normal cells and slight urinary protein deposits (yellow arrow).
Hematoxylin and eosin staining at 400 x magnification.
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ing the increase in the rate of 3-oxidation and degra-
dation of the adipose layer. The estimation has sup-
ported by blood glucose levels, which also increased
through several mechanisms, some energy for activity
and metabolism it is also supplied from fat that expe-
riences -oxidation.

Based on the data presented in Figure 3 and Figure 4,
the urea was increased as the effect of fat and protein
accumulation. These results suggested that SV-WE
administration enhanced the clearance of urea from
serum despite the additional protein input from SV-
WE. The concentration of urea in serum is affected by
the catabolism of amino acids derived from the con-
sumption of proteins and the catabolism of body pro-
tein?*. Plus, it also increased by kidney damage indi-
cators. In the other hands, the measured serum con-
centrations of glucose, total protein, urea, total lipid,
SGPT, SGOT, and electrolytes were in the normal
range in all groups '$232>26_ The levels of electrolytes,
such as sodium, potassium and chloride between con-
trol mice and treatment, were not significantly dif-
ferent during the treatment period (Figure 3). Con-
versely, the electrolytes were different during the post-
treatment period (Figure 4). This means that a kidney
effort in maintaining homeostasis. The levels of these
electrolytes were still in the normal range, 140-160
mEq/L for sodium, 5-7.5 mEq/L for potassium, and
88-110 mEq/L for chloride!®. According to David-
son and Henry (1974), the measurement of minerals
could be indicators of a kidney failure?’, including
sodium, potassium 2%, and chloride >°.

Histological observations further revealed that the
rapid regeneration of hepatic cells caused by SV-WE
administration to the mice resulted in a reduced leak-
age of ALT, AST, and ALP into the circulation. The re-
sults of this study suggested that SV-WE had hepato-
protective effects in mice>’. The administration of a
higher dose of SV-WE to mice (2500 mg SV-WE/kg)
caused damage to hepatocytes, leading to the appear-
ance of necrosis Figure 4. Contrarily, at the highest
dose, recovery of hepatocytes was also observed more
rapidly than at lower doses. It means that the dose of
2500 mg SV-WE/kg was near to the maximum effec-
tive dose but was insufficient to induce physiological
toxicity.

Based on an analysis of kidney organ histology of
the mice at the end of the post-treatment period
(Figure 5), all groups showed broadly normal find-
ings. There were no specific lesions as a result of the
treatment. In the treatment and post-treatment peri-
ods, cell nuclei were normal in all groups, only showed
mild congestion and slight urinary protein deposition
in the higher-dose treatment groups. These changes

were considered to be safe and reversible. Interest-
ingly, hepatocyte repair appeared to be enhanced in
the lowest-dose SV-WE treatment group compared to
other groups.

CONCLUSIONS

The sub-chronic oral administration of SV-WE to
male BALB/c mice did not induce clinical signs of tox-
icity or cause mortality, and its LDsg was higher than
2500 mg/kg/day. In addition, these findings may in-
crease awareness about the potential SV-WE as an in-
gredient of a functional food and nutraceuticals.

ABBREVIATIONS

ALT: Alanine aminotransferase

ALP: Alkaline phosphatase

AST: Aspartate aminotransferase

ASP: Aspartate

LD: Lethal Doses

OECD: Organization for Economic Cooperation and
Development

RAR: Research Animal Research

SGPT: Serum glutamic pyruvate transaminase
SGOT: Serum glutamic oxaloacetic transaminase
SV-WE: Stichopus variegatus — water extraction
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