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ABSTRACT

Diabetes mellitus is a metabolic disease characterized by conditions of hyper-
glycemia as a result of abnormalities in the secretion of the insulin hormone,
the work of the insulin hormone, or both. Metabolic disorders caused by dia-
betes cause lipolysis to increase, thereby increasing the level of VLDL, which
will be converted to LDL. LDL disorders are the effects of insulin resistance.
Streptozotocin (STZ) can increase serum LDL cholesterol serum levels due to
the mechanism of ROS formation. Golden sea cucumber act as anti-hyper-
lipidemic because they contain EPA-DHA, saponins, and flavonoids. The pur-
pose of these studies was to determine the effect of Golden sea cucumber act
as anti-hyperlipidemic. Experimental laboratory research was done using the
post-test only control group design method. Using simple random sampling
with 25 white male Wistar rats divided into five groups, all rats were given
standard feeding. Group 1 without STZ induced, group 2-5 were induced STZ
first, and then group 3-5 were given golden sea cucumber extract for 21 days
with dose 4.25 mg/kg BW, 8.5 mg/kg BW, 12.75 mg/kg BW, per day respec-
tively. At the end of the study, the LDL serum level was measured. The result
of One - Way Anova test showed LDL cholesterol serum levels of group rats
with STZ induction and given 12.75 mg/kg BW golden sea cucumber extracts
(x=7.4 mg/dl) significantly decreased (p=0.005) compared to LDL choles-
terol levels of group rats which were only induced by STZ without given
golden sea cucumber extracts (x=12.6 mg/dl). This research showed that the
administration 12,75mg/kg BW of golden sea cucumber extracts for 21 days
reduced serum LDL cholesterol levels because golden sea cucumber contains
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) at work as an-
tioxidants.

Keywords: LDL cholesterol, insulin resistance, Streptozotocin (STZ), stichopus
hermani

Introduction

Diabetes Mellitus (DM) is a group of meta-
bolic diseases characterized by hyperglycemia
as a result of abnormalities in the secretion of
the insulin, the action of the insulin, or both [1].
In experimental, DM is often caused by the ad-
ministration of alloxan and streptozotocin
(STZ), which can cause damage to pancreatic
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beta Langerhans cells [2]. STZ works by form-
ing highly reactive free-radicals that can cause
damage cell membranes, proteins, and deoxyri-
bonucleic acid (DNA), thus causing disruption
of insulin production by pancreatic beta Lang-
erhans cells [2]. In the DM state, there is a de-
crease in insulin production, which causes im-
paired fat metabolism, namely the promotion
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of lipolysis that results in high levels of low-
density lipoprotein (LDL) [3]. LDL molecule is
small and dense, which circulates in the blood-
stream and is atherogenic. These conditions
can increase the risk of coronary heart disease
(CHD), stroke, kidney failure, and other vascu-
lar diseases, thereby accelerating the risk of
death [3].

Golden sea cucumber (Stichopus hermanii)
has eicosapentaenoic acid (EPA) and do-
cosahexaenoic acid (DHA) activities which are
quite right to be used as a drug of superoxide
dismutase which acts to prevent oxidative
stress in hyperglycemic conditions so that
golden sea cucumber is perfect to be used as a
drug choice for DM [4].

Based on the various reasons above, re-
search entitled the effect of golden sea cucum-
ber extract (Stichopus hermanii) to serum LDL
cholesterol level male Wistar rats (Rattus
norvegicus) induced by streptozotocin.

Material and Methods

This research was experimental labora-
tory research. The research method used in this
study is the posttest only control group design.
This research conducted at the Embryology La-
boratory of the Faculty of Veterinary Medicine,
Airlangga University, Surabaya. All studies car-
ried out in approximately three months, from
August to October 2019.

The sample size used for each treatment
group was determined using the Federer for-
mula. The sample size for each group is five
mice aged 2-3 months. Rats were acclimatized
for seven days so that the rats could adapt to
food and laboratory conditions. The rats were
treated in a 40 cm x 30 cm x 20 cm cage with
adequate ventilation at the top of the cage, and
each pen contained five mice.

The Production of Golden Sea Cucumber Ex-
tracts

Fresh golden sea cucumber weighing 9
kilograms was taken from Sumenep, Madura
Island. Golden sea cucumber is cleaned, re-
moved internally, and cut into 3-10 cm sizes
and dried in an oven at 50 °C until dry. The
dried golden sea cucumbers mashed with a
blender into powder and obtained a weight of

1.3 kg. Golden sea cucumber powder was mac-
erated by repeatedly stirring for 8 hours and
soaked in 80% ethanol solution for 24 hours af-
ter which, 80% ethanol solution was collected,
and gold sea cucumber pulp was mastered with
80% ethanol in the same way (total ethanol so-
lution being used as much as 5.5 liters). The
80% ethanol solution obtained was evaporated
with a water temperature of 50 °C until the eth-
anol solution evaporated and received a con-
centrated extract of 242.5 grams of golden sea
cucumbers [5].

Administration of STZ
Hyperglycemia induction will be done by
injecting STZ solution intraperitoneally at a
dose of 40-50 mg/kg BW [6]. STZ calculations
for rats with an average body weight of 175
grams are:
e Doses of STZ in mice = 40 mg/kgBW and
50 mg/kgBW
e 40 mg: 1000 grams x 175 grams = 7
mg/175g BW per injection.
e 50 mg: 1000 grams x 175 grams = 8.75
mg/175gBW per injection.
STZ was dissolved using citrate buffer pH
4.5 and then induced in intraperitoneal mice as
much as 0.5 mL to each rat [5].

Treatment Stage

After acclimatization, rats that had been as-
signed as samples were randomly divided into
five groups, and each group was put into their
respective cages. The treatment of each group
is as follows:

e Negative control (K-): Group of rats that
were not induced by STZ.

e Positive control (K+): Group of rats in-
duced by STZ at a dose of 40 mg/kg BW
on day eight, and on day 22, STZ was in-
jected with a dose of 50 mg/kg BW intra-
peritoneally.

e Treatment Group 1 (P1): Group of rats in-
duced by STZ at a dose of 40 mg/kg BW
on day eight and on day 22 STZ was in-
jected with a dose of 50 mg/kg BW intra-
peritoneally, then this group was given a
golden sea cucumber extract at 4.25
mg/kg BW once every morning starting
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from the 26t day to the 47t day. The ad-
ministration of golden sea cucumber ex-
tracts was done by an intragastric
method using intragastric sonde.

e Treatment Group 2 (P2): Group of rats in-
duced by STZ at a dose of 40 mg/kg BW
on day eight and on day 22 STZ was in-
jected with a dose of 50 mg/kg BW intra-
peritoneally, then this group was given a
golden sea cucumber extract at 8.5
mg/kg BW once every morning starting
from the 26t day to the 47t day. The ad-
ministration of golden sea cucumber ex-
tracts was done by the intragastric
method using intragastric sonde.

e Treatment Group 3 (P3): Group of rats in-
duced by STZ at a dose of 40 mg/kg BW
on day eight and on day 22 STZ was in-
jected with a dose of 50 mg/kg BW intra-
peritoneally, then this group was given a
golden sea cucumber extract at 12.75
mg/kg BW once every morning starting
from the 26t day to the 47t day. The ad-
ministration of golden sea cucumber ex-
tracts was done by the intragastric
method using intragastric sonde.

Blood Sampling

Rats fasted +16 hours before blood was
drawn. Blood pulled from the rat's heart
through surgery. The blood was then collected
in an Eppendorf tube of +2 mL per rats. Blood
centrifuged at a speed of 3000 rpm with a ra-
dius of 12 cm for 10 minutes. The serum ob-
tained was stored at -4 °C until the serum was
used for the analysis of LDL cholesterol levels;
this storage used to maintain the quality of the
sample.

Measurement of LDL Cholesterol Levels
Determination of LDL cholesterol levels us-
ing the homogeneous enzymatic colorimetric
test method with Cobasintegra 400/400 plus
LDL-Cholesterol plus 2nd generation. This
method for measuring direct LDL cholesterol
levels utilized the selective micellar solubiliza-
tion of LDL cholesterol by non-ionic detergents
and the interaction of sugar and lipoprotein
components (VLDL and chylomicrons) [7].

When detergents were included in an enzy-
matic method to measure cholesterol (choles-
terol esterase cholesterol oxidase coupling re-
action), the relative reactivity of cholesterol in
the lipoprotein fraction increases in the follow-
ing order: HDL <chylomicron <VLDL <LDL. In
the presence of Mg++, the sugar component sig-
nificantly reduces the enzymatic reaction from
cholesterol measurements in VLDL and chylo-
microns. The combination of the sugar compo-
nent with detergent allowed selective analysis
of LDL cholesterol in serum [7].

Results and Discussion

The results of measurements of serum LDL
cholesterol levels of each group experimental
can be seen in Figure 1.

15

10

Figure 1. Mean and standard deviations of serum
LDL cholesterol levels for each group.

One Way Anova Test Results

Based on the results of the One-Way
ANOVA test, the significance value of p = 0.005
(p<0.05) was obtained, so there were
significant differences in outcomes between
the treatment groups. Therefore, it was neces-
sary to proceed with the post hoc test.

Post-Hoc Test Results
Based on the Post Hoc analysis results with

the Least Square Differences technique, the fol-

lowing results were obtained:

1. There was no significant difference in LDL
cholesterol levels between the negative con-
trol group and the positive control group (p
=0.770).

2. There was no significant difference in LDL
cholesterol levels between the negative con-
trol group and treatment group 1 (p =
0.153) and the treatment group 2 (p =
1,000).
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3. There was a significant difference in LDL
cholesterol levels between the negative con-
trol group and treatment group 3 (p =
0.002).

4. There was no significant difference in LDL
cholesterol levels between the positive con-
trol group and treatment group 1 (p =
0.090), with the treatment group 2 (p =
0.770).

5. There was a significant difference in LDL
cholesterol levels between the positive con-
trol group and treatment group 3 (p =
0.001).

6. There was no significant difference in LDL
cholesterol levels between treatment group
1 and treatment group 2 (p = 0.153), and
treatment group 3 (p = 0.051).

7. There was a significant difference in LDL
cholesterol levels between treatment group
2 and treatment group 3 (p = 0.002).

The increase in mean LDL cholesterol levels
in STZ induced white rats was caused by the ac-
tion of STZ, which damaged pancreatic beta
cells by forming highly reactive free radicals,
namely ROS which can cause damage to cell
membranes, proteins, and DNA [2]. According
to Szkudelski in the Graham et al., [8] STZ could
penetrate pancreatic beta cells through GLUT 2
and caused alkylation [2]. This occurs because
of the similarity of the structure of STZ with
glucose so that STZ can bind to GLUT 2.

When intracellular STZ metabolism occurs,
nitric oxide was produced so that guanylyl
cyclase activity increases and cGMP formation.
STZ omitted worked by increasing xanthine ox-
idase in the mitochondria and inhibited the
Crebs cycle. Oxygen consumption in the mito-
chondria became more limited. Production of
adenosine triphosphate (ATP) decreased and
caused a descent in the number of pancreatic
beta-cell nucleotides [2].

An increase in LDL cholesterol levels oc-
curred because in a state of extreme insulin de-
ficiency could cause lipolysis of adipose tissue
and released of free fatty acids and increased
high activity on hormone-sensitive lipase in fat
cells [9].

Increased activity of hormone-sensitive li-
pase caused hydrolysis of stored triglycerides,

released large amounts of fatty acids, and glyc-
erol into the blood circulation. As a result,
plasma concentrations of free fatty acids in-
creased within minutes. Free fatty acids then
became the primary energy source for all body
tissues besides the brain [9]. The energy ob-
tained from the lipolysis process resulted from
high levels of triglycerides [10].

Lipoprotein was needed to carry lipids be-
cause lipids were not water-soluble [11]. In-
creased triglyceride levels were also influenced
by the presence of chylomicrons and VLDL lip-
oproteins. VLDL was converted into fatty acids
and IDL by lipase enzymes, IDL could then be
taken up by the liver through LDL receptors or
converted to LDL [12]. Plasma LDL functions
carried cholesterol and cholesterol esters to
the liver and peripheral tissues [3]. Cholesteryl
esters were lipids in foods that are hydrolyzed
into cholesterol and then absorbed by the in-
testine along with other fats, then put into chy-
lomicron lipoproteins together with choles-
terol synthesized in the gut [11].

The average LDL cholesterol level in the
STZ-induced rat group and gold sea cucumber
extract dose of 4.25 mg/kg BW (treatment 1)
was 10.2 mg/dl when compared with the nega-
tive control group where the average LDL cho-
lesterol level was 12.2 mg/dl or compared to
the positive control group where LDL choles-
terol level was 12.6 mg/dl. There was a de-
crease in LDL cholesterol levels, although it was
not too significant.

The average LDL cholesterol level in the
STZ-induced rat group and the golden sea cu-
cumber extract at a dose of 8.5 mg/kg BW
(treatment 2) was 12.2 mg/dl. Meanwhile, in
the group of rats induced by STZ and extract of
sea cucumbers, the dose of 12.75 mg/kg BW
(treatment 3) was 7.4 mg/dl. Significant differ-
ences were seen between the treatment group
3 compared to the negative control group (p =
0.002), the positive control group (p = 0.001),
and the treatment group 2 (p = 0.002).

This study showed that the administration
of extracts of golden sea cucumbers (Stichopus
hermanii) at a dose of 12.75 mg/kg BW per day
for 21 days could reduce serum LDL cholesterol
levels in Wistar-induced white male rats signif-
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icantly. Golden sea cucumbers acted anti-hy-
perlipidemic because they contain ingredients
such as EPA-DHA, flavonoids, saponins, alka-
loids, and tannins [13].

EPA-DHA in gold sea cucumber extract by
0.16% [13], if consumed in sufficient quanti-
ties, has the potential to reduce cholesterol in
the blood. EPA-DHA was a natural fatty acid, in-
cluding omega-3 [14], which could improve the
circulation system and help prevent the nar-
rowing and hardening of the arteries (athero-
sclerosis) and prevent clotting of blood vessels
(thrombosis) [14]. EPA-DHA influences the
mechanism of production of liver lipoprotein
transport secreted into the blood [14]. Giving
PUFAs, including omega-3s, could reduce cho-
lesterol and LDL levels [16].

Flavonoids could lower blood glucose levels
in people with Diabetes Mellitus [17], work by
inhibiting the activity of the a-glucosidase en-
zyme, interfering with the breakdown of malt-
ose into glucose making it difficult to be ab-
sorbed by the intestine, or increasing tolerance
to glucose and increased insulin secretion, as
well as stimulated glucose uptake in peripheral
tissues and regulated the number of enzymes
involved in carbohydrate metabolic pathways
[17].

Flavonoids, including fat-soluble non-enzy-
matic antioxidants [18], could stabilize ROS,
where flavonoids reacted with reactive com-
pounds from radicals so that radicals became
inactive [17]. And could inhibit the activity of
HMG-CoA reductase [17], caused a decrease in
cholesterol synthesis and increased the num-
ber of LDL receptors contained in the liver cell
membranes and extrahepatic tissue so that to-
tal cholesterol levels felt, with a reduction in
cholesterol levels, LDL in the blood also re-
duced.

Saponins in golden sea cucumbers are gly-
cosides that have an aglycone in the form of
steroids and triterpenoids [19] including bioac-
tive compounds that were useful as antidia-
betic and antihyperlipidemic [20]. Saponins in-
hibited free radical activity by giving electrons,
or hydrogen atoms inactivated free radicals
also increased antioxidant enzymes such as
SOD and catalase. SOD is an antioxidant en-
zyme that plays a role in catalyzing superoxide

radicals (027) formed H202 and oxygen mole-
cules. If SOD and catalase increased, ROS regu-
lation would also be increased, thereby reduc-
ing the risk of diabetes [20].

Saponins also play a role in increasing tyro-
sine phosphorylation from the insulin subunit
B receptor, inhibiting tyrosine phosphatase,
and stimulating glucose transport activities,
such as GLUT 4. Increasing the amount of GLUT
4 represents an improvement in the hypergly-
cemia state in DM [5]. Increased glucose
transport into cells as a form of improving hy-
perglycemia in DM would reduce lipolysis and
released free fatty acids in the blood circulation
so that LDL cholesterol levels decreased [9].

In this study, if the results of the mean LDL
cholesterol levels of rats in each treatment
group were further analyzed, it was found in
the P2 group the results of the mean LDL cho-
lesterol levels were no different from the mean
LDL cholesterol levels in the negative control
group. Whereas in the P1 group, the mean LDL
cholesterol level was 10.2 mg/dl, and in the P3
group, the average LDL cholesterol level was
7.4 mg/d], indicating a significant decrease in
LDL cholesterol levels compared to the nega-
tive control group.

Based on previous research, the admin-
istration of gold sea cucumber extract at a dose
of 8.5 mg/kg BW in DM rats could increase the
amount of GLUT 4, thereby improving the state
of hyperglycemia in DM. The administration of
a golden sea cucumber extract at a dose of 17
mg/kg BW also increased the amount of GLUT
4, but not as well as a dose of 8.5 mg/kg BW [5].
Improved hyperglycemia by increasing glucose
transport into cells, decreased lipolysis of adi-
pose tissue and reduced the release of fatty ac-
ids and glycerol in the blood circulation [9].
Plasma LDL levels also decreased as a result of
reduced cholesterol levels [3].

The mean LDL cholesterol level in the P2
group was inversely proportional to the theory
and the mean LDL cholesterol level in groups
P1 and P3. The P2 group reduced LDL choles-
terol better than the P1 group but no better
than the P3 group. Some possibilities that cause
bias were, the error of the administration of ex-
tract of golden sea cucumber 8.5 mg/dl (in the
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treatment group 2) in this case related to hu-
man error, or an error occurred in the diagnos-
tic tool to check LDL cholesterol levels.

Conclusion

Based on this research, it can be concluded
that the administration of extract of golden sea
cucumber (Stichopus hermanii) dose of 12.75
mg/kg BW of rats for 21 days can significantly
reduce levels of LDL cholesterol in groups of ex-
perimental animals that are STZ induced. The
administration of golden sea cucumber extract
atadose of 12.75 mg/kg BW proved to be more
effective in reducing serum LDL cholesterol
levels significantly compared to the admin-
istration of gold sea cucumbers at a dose of 4.25
mg/kg BW or 8.5 mg/kg BW.
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