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Abstract

Diabetes mellitus (DM) is a metabolic disorder that characterized by
hyperglycemia. DM resulted from defects in insulin secretion, action, or both
of them. The chronic hyperglycemia can lead to diabetic complication which is
considered as a major cause of morbidity and mortality. Marine invertebrates,
sea cucumber have an impressive profile of valuable bioactive compounds, for
instance, holothurians that exhibit a wide range of biological activities and have
many therapeutic effects. This review highlights the valuable bioactive saponin
on the complication of diabetes.
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DM: Diabetes Mellitus; IL-6: Interleukin-6; STZ: Streptozotocin;
TNF-a: Tumor Necrosis Factor Alpha

Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder that
characterized by hyperglycemia. It is the most common disease among
patients with pancreatic cancer and chronic pancreatitis. Exocrine
pancreatic insufficiency is extremely associated with diabetes, with
high prevalence in both types I and II. The incidence of diabetes caused
by exocrine pancreatic disease appears to be underestimated and may
comprise 8% or more of the general diabetic patient population [1].
DM resulted from defects in the pancreas where insulin secretion is
not produced enough or cells do not respond to the insulin that is
produced or both of them, resulting in high blood sugar action. The
chronic hyperglycemia resulted from diabetes can lead to irreversible
damage, dysfunction and failure of various organs [2]. Diabetes is
classified into four categories (Figure 1)[2]. The major two categories
which are common to all of the people is Type I is also known as
Insulin-dependent diabetes mellitus, which is identified by absolute
insulin reduction. The main causes of type I diabetes are immune or
idiopathic causes [3], whereas Type II diabetes the second category is
known as noninsulin-dependent diabetes mellitus, it is a challenging
metabolic disorder. Its etiology is related to several causes, for
instance, a significant loss of insulin producing, beta cell mass via
advanced programmed cell death and disrupted cellular autophagy.
There is also strong index that B cells are dynamically active cells,
which, under specific conditions such as obesity, can increase in size
and thus increase insulin secretion in type 2 DM [4].

Free Radicals and Diabetic Complications

The complications of diabetes were classified as acute
complications like diabetic ketoacidosis and chronic complications.
Chronic complications are subdivided to vascular and nonvascular
complications. The vascular complications are also, divided into
microvascular and macrovascular complications [5] figure (2).
Oxidative stress is the main cause of the etiology of diabetic
complications as it resultant in micro-vascular (retinopathy,
neuropathy and nephropathy) and macrovascular (heart attack,

stroke and peripheral vascular disease) complications which is

consider the major cause of morbidity and mortality [6,7]. Oxidative
stress is increased in DM, due to the increased level production
of oxygen free radicals and decreased the level of the antioxidant
defense mechanisms. The conclusion of the increased level of oxygen
free radicals lead to lipidperoxidation of the cellular structures,
the lipidperoxidation is thought to play an important role in
atherosclerosis and the microvascular complications [8]. Free radicals
are formed in diabetes as a result of glucose autoxidation, polyol
pathway and non-enzymatic glycation of proteins [9]. The increased
level of free radicals and decreased level of antioxidant defense lead
to high level of lipidperoxidation, spoilage of the cellular organelles,
hinder the enzymes activities and lead to diabetic complications [10].

Regardless of the presence of anti-diabetic medicines, screening
for new anti-diabetic sources from natural products is still attractive
as they contain substances that have a safe effect on diabetes mellitus.
Natural compounds supposedly to be suitable alternatives for diabetes
therapy. They may minimize the risk of the disease. Large amounts
can be consumed in daily, which is a positive aspect [11].

Sea Cucumber, Echinoderms belong to a phylum of marine
invertebrates that have about 6000 living species classified into
five classes: Crinoidea, Holothuroidea, Echinoidea, Asteroidea
and Ophiuroidea. The extract of these marine invertebrates have
been shown to numerous biological activities such as antibacterial,
antifungal, antiviral, antitumor and anti-coagulant, this bioactive
compound has made them an attractive source [12]. Sea cucumbers
have long been recognized in the folk medicine in addition to their
high nutritious value, they could nourish the body, tonifying kidney,
moistening dryness of the intestine, treatment of stomach ulcers,
asthma, hypertension, rheumatism, pain, gout, asthtma, eczema,
hyperglycemia, hypertension and wound healing [13,14]. They have
the ability to reduce the growth of cancer cells [15]. One of the contents
of sea cucumber that have numerous biological activity is saponin.
Sea cucumber saponin is distributed in the body wall, internal organs,
and glands of the marine invertebrate sea cucumber [16].

Holothuroid Saponins

Saponins identified as holothurians are the main bioactive
compounds of sea cucumber that exhibit a wide range of biological
activities and have many therapeutic effects [17]. The name is
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derived from the latin word “sapo” which means soap, Because
when saponins are shaken with water, they tend to form soap-like
foams. Sea cucumber saponins are primarily triterpene glycosides of
lanosterol-type aglycone with a saccharide moiety attached at the C-3
position [18]. Saponins vary in the amount of sapogenin and in the
lengths, linkages, and substituents of their sugars [19]. The aglycone
part, designated as genin or sapogenin that is an either triterpenoid
(C-30) or neutral or alkaloid steroids (C-27) [20]. The aglycone part
covalently linked to one or more monosaccharide sugar moieties [21].
The monosaccharide sugar may by glucose, galactose, glucuronic
acid, xylose, rhamnose the oligosaccharide is attached at the C,
position but some types of saponins have more than one sugar which
is attached to the C, or the C,, positions [22]. So, the aim of this
article review is to show the mechanism of action of sea cucumber
saponin on amelioration of some biochemical parameters in diabetic
rats. It is hoped that the information will provide the reader with

information regarding the anti-diabetic potential of saponins which
has been extracted from sea cucumber and stimulate further research
into these marine compound.

Serum Adiponectin Level

Adiponectin, a 30-kDa protein mainly secreted by adipocytes
[23]. Adiponectin regulates glucose metabolism through stimulation
of adenine monophosphate-activated protein kinase (AMPK)
(Yamauchi et al., 2002) and increases muscle fat oxidation and
glucose transport mediated through inhibition of acetyl-CoA
carboxylase [24]. Also, adiponectin has been found to decrease the
expression of phosphoenolpyruvate carboxylase and glucose-6-
phosphatase, leading to inhibition of hepatic gluconeogenesis [25].
Further, the activation of peroxisome proliferator- activated receptor
(PPAR)-a leading to decreased level of triglyceride in skeletal
muscles and liver [26]. Furthermore, adiponectin is also an essential
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Figure 3: The mechanism action of sea cucumber saponin on STZ-induced diabetes rats.
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mediator for many therapeutic benefits of the PPARy, including
insulin sensitization and vascular protection [27]. Schalkwijk [28]
reported that serum adiponectin levels were increased in people with
type I diabetic as well as in patients with genetically defective insulin
receptors who have microvascular complications. Moreover, EL
Barky [29] showed that rats that intraperitoneal injected with STZ-
induced diabetes significantly increase serum adiponectin level in
their blood as compared to the control normal group. The increase in
the concentration of total adiponectin was mostly caused by a major
excess of the dodecameric or high molecular mass (HMW) sub-form.
This association was not related to gender or diabetic nephropathy
status [30]. HMW oligomer may be the main biological active form
that concerning glucose homeostasis, whereas the central actions are
related to the low molecular weight oligomers [31]. The increment
in the adiponectin levels in patients with type 1 diabetes appears to
be highly related to the long of diabetes duration, irrespective of the
metabolic control. Among other factors, a putative role for residual
beta-cell function in the arranging of circulating adiponectin levels
can be considered [32]. In a study by EL Barky [29] they evaluated the
effect of sea cucumber saponin on STZ-diabetic rats, they reported
that sea cucumber saponin resulted in a significant decrease in serum
adiponectin concentration in the serum of diabetic rats that received
saponin daily as compared to the diabetic non-treated group. The
main mechanism by which adiponectin enhances insulin sensitivity
appears to be due to improved lipid and glucose metabolism [33]
figure (3).

Serum Proinflammatory Marker Level

Inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a) has been involved in the pathogenesis of diabetes mellitus
[34], it catalyzes multiple signaling cascades which resultant in p-cell
apoptosis [35] in T1D. In addition, IL-6 is a pleiotropic cytokine
has an influence on the pathogeneses of obesity, insulin resistance,
B-cell destruction and both of type I and type II diabetes [36] Both
of proinflammatory cytokines TNF-a and IL-6 are produced by
infiltrating macrophages, lymphocytes and monocytes, destroy
the pancreatic P-cells and created type-1 DM via enhancing the
formation of oxygen free radicals, lipid peroxides and aldehydes

[37]. Meanwhile, oral sea cucumber saponin extract administration
to STZ-diabetic rats resulted in a significant reduction in the values
of serum IL-6 and TNF-a concentrations. Saponins can prevent
the lipopolysaccharide-induced production of TNF-a by blocking
transcription factor NF-KB (nuclear factor kappa-light-chain-
enhancer of activated B cells) which regulates the transcription of
many genes associated with inflammation [38].

Serum Alpha-amylase Activity

The increasing activities of serum pancreatic enzyme suggest
an inflammation of the exocrine pancreas, be known as pancreatitis
[39]. a-amylase is one of the main enzymes produced in the exocrine
pancreatic cells, perhaps known as an adequate indicator of organ’s
activity in both physiological and pathological states [40]. The
incrementin the a -amylase activity in diabetes may point to the release
of the enzyme from cellular compartments which caused by increment
of damaging processes [41]. Exocrine pancreatic insufficiency has been
seen in diabetic patients [42]. Insulin contributes to the regulation of
acinar cell function, supported by the presence of insulin receptors on
acinar cells [43]. Serum alpha-amylase activity increases according to
the grade of hyperglycemia [44]. Alpha-Amylases hydrolyze complex
polysaccharides to yield oligosaccharides and disaccharides which
are then hydrolyzed by a-glycosidase to monosaccharide which is
absorbed through the small intestines into the hepatic portal vein
and increase postprandial glucose levels [45]. Natural a-amylase
inhibitors have been demonstrated to be beneficial in reducing
postprandial hyperglycemia by slowing down the digestion of
carbohydrates and, consequently the absorption of glucose. Saponins
have also been known to be a-amylase inhibitor [46]. For instance,
Holothuria thomasi, sea cucumber saponin has significantly lowerd
the activity of serum alpha-amylase in STZ-induced diabetes in rats
[29]. Triterpenoids saponins are known to cause insulin like effects
and hinder the formation of glucose in the blood stream, which
may be helpful in the treatment of diabetes [47]. The mechanism of
inhibition of the glycolytic activity of a-amylase may occur through
the direct blockage of the active center at several sub sites of the
enzyme as also suggested for other inhibitors [48]. So, saponin extract
act as a-amylase inhibitor.
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The pancreas is the primary source of serum lipase. Lipase
(triacylglycerol acylhydrolase) can catalyze the ester bonds hydrolysis
on the glycerol backbone of the lipid substrate. Increased the activities
of serum lipase have also been linked with pancreatitis, pancreatic
duct obstruction, pancreatic cancer, and other pancreatic diseases
[49,50]. Pancreatitis is classified as Type 3c diabetes, according to
the American diabetes association [51]. The high activated of serum
lipase can be compounded in another disease rather than pancreatitis,
for instance, hyperglycemia and ketoacidosis [49,50,52].

Lipase, protease and amylase enzymes are important in managing
diabetes as they will help digest all three groups of nutrients: proteins,
fats and sugars [53]. Saponins which have been extracted from sea
cucumber species inhibited pancreatic lipase and slow the absorption
of TGs and cholesterol [54]. The latter effect was confirmed by an
increase in the fecal excretion of neutral lipids and cholesterol in the
rats whose diet had been supplemented with saponin [55].

Serum and Liver Total Cholesterol,
Triacylglycerols and VLDL-C Levels

Hyperlipidemia, are implicated in the development of
microvascular complication of diabetes, which are the major causes
of morbidity and death [56]. Diabetes mellitus is extremely associated
with impaired lipid metabolism such as high level of total cholesterol,
triglycerides and lipoproteins  [57]
hypercholesterolemia in the STZ-induced diabetic rat’s created from
the increased intestinal absorption and synthesis of total cholesterol
[58]. Natarajan and Nadler [59] stated that monocyte adhesion to
endothelial cells as well as that excessive proliferation and migration
of vascular smooth muscle cells (VSMC) are key in the development
of atherosclerosis in diabetes. Synthesis of VLDL is enhanced by an
increase in the flow of free fatty acids in liver and finally, the particles
are converted to low-density lipoprotein (LDL). Some studies revealed
that increased levels of VLDL as a consequence of decreased clearance
and also over-production in type 1 DM subjects. The increased
circulatory VLDL-C and the associated triglycerides due to defective
clearance of these particles from circulation [60], these changes
were attributed to the altered activity of lipoprotein lipase. Elevated
plasma triglyceride concentration is seen in typel DM and type 2 DM
either due to triglyceride over-production and /or underutilization.
Lipoprotein lipase activity is markedly impaired. Insulin enhances
lipid synthesis and suppresses lipid degradation by stimulation of
transcription factors such as steroid regulatory element-binding
protein (SREBP)-1c in the liver and in adipose tissue [61].

abnormalities in serum

On the other hand, untreated diabetic rats will be prone to
decrease the lipid contents in their blood and liver [29]. The decrease
of lipid profile may be due to rats need more energy rather than
glucose so, it broke down lipids to obtain energy which in agreement
with EL Barky [29]. Sea cucumber saponin has been reported to
decrease serum and liver TC, TAG and VLDL. Moreover, Hu [62]
reported that Pearsonothuria graeffei, sea cucumber could markedly
reduce hepatic lipids accumulation as well as serum TAG and TC
concentration. The rats exhibited slight decrease tendency in both
serum TG and TC, even if fed at 0.01% sea cucumber saponin (SSC);
when added 0.03% and 0.05% SSC, the rats had much lower lipids
level in serum. It is suggested that dietary SSC could reduce serum

lipids in a dose response-manner. They concluded that the lipids-
lowering effect of dietary SSC may be partly associated with the
enhancement of B-oxidation via PPAR o activation. Saponins are
known antinutritional factors, which decrease the level of cholesterol
by binding with cholesterol in the intestinal lumen, preventing its
absorption and /or by binding with bile acids, causing a reduction
in the enterohepatic circulation of bile acids and increase its fecal
excretion [63] Saponins improve glucose and lipid homeostasis by
restoring the deregulated glycolytic and gluconeogenic enzymes in
the diabetic state through the activation of AMP-Activated protein
kinase (AMPK) which plays a fundamental role for adjusting
carbohydrate and fat metabolism [64]. So, saponin is known to lower
triglyceride by inhibiting the pancreatic lipase activity.

Alpha-glucosidase

Alpha-glucosidase located in the brush border of the small
intestine that acts upon o (1>4) bonds. a-Glucosidase can
release glucose by hydrolyzing linear and branched isomaltose
oligosaccharides, resulting in postprandial hyperglycemia [65]. Sea
cucumber saponin (SCS) inhibited yeast as well as that rat intestinal
a-glucosidase activity in a dose-dependent manner and showed a
better inhibition of yeast a-glucosidases as compared to the positive
control. SCS treatment amended the oral glucose tolerance in high-
fat-diet-fed mice [62]. The inhibitory effect of SCS on a-glucosidase is
been likely to contribute to this effect [18].

Serum Glucose and Insulin Level

Streptozotocin (STZ) is a chemical substance that produces
pancreatic islet B-cell destruction and is mostly used to produce a
model of type 1 DM in experimental studies [66]. Streptozotocin was
preferred to induce diabetes in rats rather than alloxan. STZ is a toxin
with the ability to induce selective destruction of pancreatic beta
cells that resulting in decrease serum insulin level and elevated blood
glucose [67]. STZ causes a notable reduction in insulin release by the
destruction of pancreatic p-cells [68]. Streptozotocin is analogous the
glucose and N-acetyl glucosamine. STZ is taken up by the pancreatic
B-cells through the GLUT 2 transporter wherever it causes destruction
and finally death of B-cell islets by DNA fragmentation due to the
nitrosourea moiety.

There are three major pathways associated with cell death are:
(I) methylation of DNA by the formation of carbonium ion (CH,+)
resulting in the activation of the nuclear enzyme poly-ADP-ribose
synthetase as part of the cell repair mechanism and therefore cause
NAD+ depletion; (ii) free radical generation as hydrogen peroxide
and (iii) nitric oxide production [69].

Sea cucumber saponin significantly reduced serum glucose level
and increase serum insulin level in streptozotocin diabetic [29]. Sea
cucumber saponins have been reported to decrease blood glucose
levels in different mechanisms such as regeneration of insulin
action via increased plasma insulin levels and release insulin from
the pancreas. It modulates insulin signaling by decreases serum
TNF-a and IL-6 level. Suppress the activity of disaccharide which
was confirmed by decreasing the activity of serum-alpha amylase
activity. It activate glycogen synthesis by increasing liver content
of glycogen and repress of gluconeogenesis by decrease the level of
serum adiponectin [2, 29] figure (4).
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Figure 4: Mechanism action of saponin in diabetes [2].

Conclusion

This article review has abbreviated the fundamental role of sea
cucumber saponin as an antidiabetic agent. Saponins from marine
animals have been reported to have a hypoglycemic activity. Saponins
have been reported to decrease blood glucose levels in different
mechanisms such as regeneration of insulin action via increased
plasma insulin levels and release insulin from the pancreas. Suppress
the activity of disaccharide which was confirmed by decreasing
the activity of serum alpha amylase activity. It activates glycogen
synthesis by increasing the liver content of glycogen and repress of
gluconeogenesis by decrease the level of serum adiponectin. Thus,
exploring the therapeutic potential of saponin which has been
extracted from different species of sea cucumber on the diabetic
patient will benefit millions of people who suffer diabetes and
complication that result from hyperglycemia.
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