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ABSTRACT
To date, no effective treatment has been found to improve the quality of life and condition of patients with diabetes mellitus. Currently,

people are interested in using herbal medicines to treat diabetes mellitus or control hyperglycemia. Hibiscus sabdariffa Linn (roselle) calyx extract
has been widely documented in various literatures for the treatment of several diseases, including diabetes mellitus. Roselle has many
phytoconstituents, but roselle pharmacological mechanism of action and its active substances that are associated with insulin resistance prevention
are still little known. This review identified the phytochemical constituent and potential effect of roselle extract to prevent insulin resistance through
analysis of a network pharmacology approach and subsequent experimental research. The mechanism of action of roselle has not been explained in
detail, though hypoxia inducible factor-1 pathway might be involved due to its anthocyanin content. Therefore, upcoming research needs to be
carried out to answer the questions.
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INTRODUCTION
Diabetes mellitus is a degenerative disease that involves

changes in several signaling pathways, i.e. NF-kappa B activation,
which lead to IGF-1 resistance, apoptosis due to fas activation and
mitochondria dysfunction, changes in pro-apoptosis and anti-
apoptosis protein expression, renin-angiotensin-aldosterone local
activation, as well as dysfunction of the HIF-1 pathway, which causes
cell dysfunction due to organelle and DNA damage 4.

Adipose tissue is composed mainly of fat cells, which serve
as fat storage and have an important role in glucose metabolism and
homeostasis as they have glucose transporter type 4 (GLUT4) on
their surface. They can activate the lipogenic pathway by taking
excess blood glucose to be converted into fatty acids, which are
stored in lipid droplets in the form of triglycerides. However, lipids
that are excessive can cause endoplasmic reticulum stress,
mitochondrial dysfunction and the occurrence of an increased release
of inflammatory cytokines from adipocytes that attract macrophages.
The toxicity of glycolipid is due to oxidative-inflammatory stress,
which may cause resistance of the hormone insulin in peripheral
cells, especially hepatocytes and muscle cells, when it is maintained
in a long period. In addition, adipocytes may become resistant to
insulin, which reduces glucose absorption and leads to hyperglycemia
and finally type-2 diabetes [2.

In addition, dyslipidemia due to obesity can affect
pancreas, as accumulation of fat in the § cells may interfere with their
function that leads to inhibition of insulin secretion and causes
glucolipotoxicity and mitochondrial dysfunction that leads to
apoptosis of the cells B, This condition causes low insulin level that
leads to hyperglycemia that occurs in type 2 diabetes . Further, B
cell dysfunction and insulin resistance in various cells including
adipocytes might be involved in metabolic syndrome pathogenesis.
Therefore, mitochondrial dysfunction might be regarded as a target in
metabolic disease therapy [,

Hibiscus sabdariffa Linn (HSL) is a member of Malvaceae
family that can be found around the world with subtropical and
tropical climate 1. HSL is also called roselle or red tea that contains
anthocyanins,

which are mainly cyanidin- and delphinidin-

sambubiosides [, Various studies on HSL physiological effects
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showed that HSL calyces’ organic and aqueous extracts are rich in
bioactive compounds, i.e. flavonoids, polyphenols tocopherols, as
well as various organic acids, i.e. oxalic, malic and shikimic acid 1.

The potential anti-diabetic effects of HSL still got less
attention based on researches that have been done, even though HSL
might be used as an alternative prevention in diabetic patients.
Research evidence conducted on animals supposed that HSL oral
administration can prevent insulin resistance in rats that were given a
high fructose diet [ 9. A study on women with prediabetes
conditions, who consumed roselle tea (59 HSL) twice daily for two
weeks showed a significant reduction in fasting blood glucose (FBG)
levels in comparison to controls [:9.0n the contrary, other studies that
were conducted recently were not able to show a significant
difference in blood glucose and postprandial insulin levels after
ingestion of HSL drinks (7.5 grams of HSL in 250 ml of water) [,
The HSL that was used in the studies was a commercially available
HSL [,

The aim of this study was to identify the phytochemical
constituent and potential effect of roselle extract to prevent insulin
resistance through analysis of a network pharmacology approach and
subsequent experimental research. Therefore, we highlighted
phytochemical constituent of HSL, diabetes and insulin resistance, in
vivo, in vitro, and in silico studies on HSL.

Phytochemical constituent of Hibiscus Sabdariffa linn

Hibiscus sabdariffa Linn plant has various parts (Figure 1)
that have been studied. The bioactive compounds, which consist of a
variety of useful phytochemicals, are mostly found in HSL calyx
(sepals), and dried calyx content is composed of 80% carbohydrates.
In addition, other parts of HSL, such as leaf and seed may also
contain various compounds. However, the most studied of HSL parts
is the calyx. The calyx is rich in carotenoids, organic acids,
anthocyanin, flavonoids and polyphenol acids, simple sugars and
polysaccharides, and fatty acids. Especially, the anthocyanin content
of HSL calyx is gaining great attention and interest due to its
potential in providing benefits for health 4 (Figure 2). Structures of

some isolated compounds of HSL can be seen in Figure 3.

Figure 1: Hibiscus sabdariffa Linn plant and its various parts
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Figure 2: Hibiscus sabdariffa Linn phytochemical constituent
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Figure 3: Structures of some isolated compounds of HSL
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Carotenoids
HSL calyx extract is rich in carotenoids; there are 21

detectable compounds, including all-trans-p carotene and all-trans-
lutein that reach 147 and 316 pg per 100 mg calyx extract
respectively. However, HSL has lower vitamin A content compared
to lettuce leaves, whose relative retinol activity is only 13.2 versus
184 ug per 100 g, respectively (23],

Organic Acids
Extracts from HSL calyces contain large amounts of

various organic acids, i.e. hydroxy citric acid (HCA), citric hibiscus,
malic, dimethyl hibiscus, tartaric acid, and a small amount of oxalic
acid. These acids from HSL contribute significantly to the
improvement of health, as they are used to prevent obesity, adipocyte
hyperplasia, and as a hepatoprotective agent [,

Anthocyanins
Anthocyanins are the main polyphenol component of HSL.

In addition, most of the extracts from the calyces are associated with
their bioactivity and red color, which is related to the content of
anthocyanins 31, HSL anthocyanins have antioxidant effect, which
depends on the quantity and pH, and are mainly due to delphinidin-3-
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sambubioside,  cyanidine-3sambubioside, and  delphinidin-3-
glucoside. Adding acid to the extraction medium has a great effect in
stabilizing anthocyanin, which might increase the extraction
efficiency 161,

Phenolic Acids and Flavonoids
HSL extract contains phenolic acids and a variety of

flavonoids. In methanol leaf extract, the phenolic acid and flavonoid
levels are 389 and 104, and in calyx extract 474 and 148 mg/g,
respectively. Ten polyphenols have been identified in leaf extracts,
which include crypto-chlorogenic, chlorogenic and neo-chlorogenic
acids, as well as glycosides, kaempferol, and quercetin. The
polyphenol increased levels can be obtained by extracting using hot
water. Total phenol content was measured in 25 populations of
different HSLs worldwide and total phenol content, which was
equivalent to gallic acid as phenol content equivalent/g, was between
18 and 29 mg/g of HSL. Total phenolic content includes glucosides,
such as gossypetin, gossyptirin, gossytrin, sabdaritin and hibicitrin
(hibicetin-3-glucoside). Moreover, HSL also contains flavonoids,

6527



DOI: 10.55522/jmpas.V1313.5829

including quercetin, luteolin, as well as phenolic acids, such as
pelargonidic, chlorogenic, Gallic, and protocatechuic acid (PCA) 14
(Figure 3).

Simple Sugars and Polysaccharides
The calyx extract contained various monomers, including

glucose, galactose, xylose, mannose, rhamnose, and arabinose, as
well as galacturonic and glucuronic acid. In addition, calyx extracts
contain pectin that reached 2—4% [,

Fatty Acids
HSL seeds contain oil (17% wi/w), palmitic acid (18%),

oleic acid (25%), vernolic acid (3%), stearic acid (4%), linoleic acid
(44%) and dihydrosterculic acids (1%) 2. The composition of these
fatty acids shows that unsaturated essential fatty acids have a large
contribution, which is 70% of HSL oil. It is similar to the oil
composition of the seeds of H. cannabinus [,

ISSN NO. 2320 — 7418
Diabetes and Insulin Resistance

Insulin is the hormone that is responsible to facilitate
glucose metabolism and storage in muscles, adipose tissue, and liver.
Abnormality in glucose and lipid metabolism contributes to states of
hyperglycemia, systemic inflammation, dyslipidemia, obesity, and
finally insulin resistance M1 (Figure 4). Previous studies have stated
that high fat intake causes disturbances in metabolism, including
impaired glucose tolerance, hyperglycemia and insulin resistance that
are associated with obesity 1€,

In diabetes, excessive glucose levels excreted through the
kidneys result in a state of dehydration, calorie loss, and a feeling of
dizziness. This effect can be relieved with sufficient insulin
treatment. A study showed that insulin deficiency activated the
hormone lipase that induced lipolysis in a rat model of diabetes
mellitus, and lipolysis caused rapid weight loss 18],

Figure 4: Pathogenesis of diabetes
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Table 1: Active chemical compounds of Hibiscus sabdariffa Linn and their pharmacological action

Active Chemical compound Isolation method

Pharmacological action

Anthocyanins [18-22] /polyphenols
[24]

Adqueous extraction of HSL calyx [19.22]
Ethanol extraction of HSL calyx [201
Ethanol extraction of HSL flower [24
Methanol extraction of HSL Calyx [21]
Methanol extraction of HSL flower [24
Adqueous extraction of HSL flower [24]

Antioxidant [8.24]

Lipoprotein lipase activity enhancer due to gene expression modulation [1€]
Inflammatory cytokine reduction [28]
Hypoglycaemic effect due a-glucosidase and pancreatic a-amylase
inhibition [29.20]

Prevent B-cell destruction [19:20]

Anti-diabetic effect [21.22] due to promotion of B-cell renewal 21
Lipid lowering effect 24
Anti-hypertension [24]

Increase catalase and glutathione (GSH) activity [24
Decrease lipid peroxidation [24]

Flavonoid [#3]

Methanol extraction of HSL calyx 23]

Antioxidant 23] Increase in pancreatic islet volume 23]
Increase B cell numbers(®]

Protocatechuic acid (PCA) [12.23]

Ethanol extraction of HSL flower 123
Aqueous extraction of HSL flower [23]

Antioxidant [23]

In Vivo Studies on Hibiscus Sabdariffa Linn
Roselle extract can reduce the accumulation of lipids and

oxidative stress conditions, and improve insulin sensitivity and
A study showed that the
mechanism of action of Roselle extract was caused by anthocyanins,

therefore reducing insulin resistance.

which showed inhibition of accumulation of lipids by increasing the
activity of lipoprotein lipase and down regulating adipogenic gene
expression (Table 1). Anthocyanins were directed to reduce fat mass
in obese rats that were induced by a high-fat diet. Reduced fat mass

tissue in obese rat model, especially reduced visceral adipose tissue

resulted in a decrease in insulin resistance that led to improvement in
insulin sensitivity and oxidative stress status, as well as a reduction in
inflammatory cytokines 18l Another study on rats, which were fed
with 99% of normal diet and 1% cholesterol, showed that
incorporation of HSL extract in the diet had hypoglycaemic and
hypocholesterolemic effect. Hypoglycaemic effect was due to
increased insulin level that caused reduction in blood glucose level
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[9); the hypoglycaemic effect was supposed to be due to intestinal a-
glucosidase, as well as pancreatic a-amylase inhibitor activity 1% 201,
Moreover, in streptozotocin (STZ) induced diabetic rat model, HSL
ethanol extract showed anti-diabetic effects . A putative
mechanism of action of anti-diabetic effect was supposed either via
stimulation of pancreatic - cells to secrete insulin or increased
transport of blood glucose to peripheral tissues 1. These HSL results
are thought to be due to HSL high antioxidant content that inhibit
oxidative stress due to NO as the major free radicals, and p-cell
destruction due to STZ %29, However, more elaborated studies need
to be done to explain HSL effect on resistance of insulin. HSL anti-
diabetic activity may have an effect on liver and body weight, which
may also be associated to water and food intake in HSL-treated
compared to the diabetic group M. In addition, HSL intake might
help replication of mature B-cells and differentiation of ductular cells
to regenerate pancreatic islet during surgical insult [ 20,

Another study on treatment of oral HSL calyx extract
(HSCE) with a dose of 1.75 g/kg body weight (BW) for 15 days
showed that insulin levels in diabetic negative and normoglycemic
controls were 0.91 + 0.07 ng/ml and 3.45 + 0.42 ng/ml, respectively,
which was significant different (P< 0.05). HSL was significantly
able to increase insulin levels in the rats that were given 80 mg STZ
in 0.1 M citrate buffer + 1.75 g HSCE/kg BW compared to diabetic
negative and positive control (STZ + insulin) group. Meanwhile,
insulin levels in the rats that were given STZ + HSCE showed
significant differences with normoglycemic control (P < 0.05).
Further group with HSCE only showed no change in insulin level 24,

A study by Amaya-Cruz et al. (2019) [? showed that the
obesogenic diet, which contained high fructose and fat (HFr-F),
increased glucose levels by 55%, insulin by 100%, and triglycerides
by 56% (P < 0.05). When HFr-F diet was combined with roselle
calyx extract and roselle by product (BP), it effectively decreased
blood glucose levels to 38% and 37%, and insulin levels to 42% and
23%, respectively, compared to standard diet (P< 0.05). In addition,
indicator of insulin resistance (HOMA index) in animals, which were
given roselle calyx extract and BP, showed a reduction by 59% and
48% respectively. The roselle calyces and BP that were used for this
analysis were those that were dried for 24 hours at a temperature of
45 °C, followed by grinding, and then were sifted to obtain particles
that were lower than 420 um in size. The extract was made from 60 g
of calyces, which was added to 1 liter of boiling water, remained
heated for 15 minutes, followed by filtering through a strainer 22,

A study on HSL in diabetes prevention showed that HSL
showed pancreatic support in animal studies. Aqueous fraction of
HSL methanol extract that was rich in flavonoid was given orally to
STZ induced diabetic rats, which were given 80 mg/kg of STZ. The

ISSN NO. 2320 — 7418
extract was given at a dose of 1.75 g/kg body weight for fifteen days,

and the results showed increase in pancreatic islet volume and f cell
numbers, which was supposed to be due to antioxidant properties 21
(Table 1).

In-Vitro Studies on Hibiscus Sabdariffa Linn
In vitro studies were conducted on different cell lines to

show antioxidant capacity of various Hibiscus sabdariffa Linn (HSL)
content. Various cell lines were used i.e. rat hepatocytes, HL 60
(human leukemia), 3T3-L1 (murine pre-adipocyte), and RAW264.7
J774A.1 (mouse macrophage) cell lines. Most studies were assessing
HSL antioxidant capacity, either from effects of anthocyanin content,
protocatechuic acid (PCA), or from other biological effects of HSL
molecules. A rat liver cell line that was pre-treated with 1.5 mM tert-
butyl hydroperoxide (t-BHP), which was a cytotoxic agent, for 30
minutes, was used to test HSL various soluble ethanol extract
fractions. Fractions, which contained 0.05 mg/mL and 0.10 mg/mL of
PCA, demonstrated antioxidant effects, by scavenging free radicals,
as well as inhibiting unscheduled DNA synthesis. HSL flower
methanol extract, which contained 0.05, 1, 1.2, or 2 mg/mL
Anthocyanins, showed antioxidant effects by preventing lipid
oxidation on macrophage cell lines, and thus preventing apoptosis.
This study revealed that chloroform and ethyl acetate soluble fraction
of the ethanol crude extract of HSL presented strong antioxidant
properties. The antioxidant effects of HSL are mainly associated to
the anthocyanin, and PCA content 24, A study on HSL polyphenol-
rich extract showed that aqueous and ethanol extract significantly
suppressed carbohydrate hydrolyzing enzyme activity. Various
concentrations of HSL aqueous and ethanol extract were used in a-
amylase and a-glucosidase activity assay, and the result showed that
ethanol extract had the highest activity, where 50% inhibition
concentration of ethanol extract on a-amylase and a-glucosidase
were 10.1 and 27.2 pg/mL, while aqueous extract were 14.0 and 35.1
pg/mL  respectively. Therefore, HSL extracts might lower
postprandial glucose level in diabetes %],

In-Silico Studies on Hibiscus Sabdariffa Linn Mechanism of
Action
To comprehensively elucidate roselle anti-diabetic

mechanism of action, a study used enrichment analysis using Kyoto
Encyclopaedia of Genes and Genomes (KEGG) to demonstrate
candidates that had hypoglycaemic activity and constructed a
substance-target activity network, and found nine candidate pathways
[l The study found that there were 103 signalling pathways of
hypoglycaemic targets at a total frequency of 191. Twenty three
signalling pathways with a frequency of >3 were further investigated.
Among these twenty three signalling pathways, the cancer focal
adhesion, PI3K/Akt and HIF 1 signalling pathways, as well as
dysregulation of proteoglycans and transcription played a role in
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several cancers, especially prostate, pancreatic and kidney cancers.

Other signalling pathways were estrogen, neurotrophin, mTOR,
Rapl, Ras and adipocytokine signalling. Analysis using KEGG
revealed that the most enriched were HIF la and HIF 1B, which
composed HIF 1 that regulated other pathways. Further analyses were
performed to confirm the results of KEGG analysis, using the
pharmacology database for drug discovery of herbal medicines, i.e.
Traditional Chinese Medicine systems Pharmacology (TCMSP) and
the Traditional Chinese Medicine Integrative Database (TCMID), and
the study looked for roselle active ingredients to be tested. The main
characteristics of active ingredients were tested for bioavailability,
when they were given orally, and should be equal or higher than 30.
Further active ingredient chemical similarity to a certain drug was
measured, and should be equal or greater than 0.18. Results of
TCMSP and TCMID analyzes showed that both HIF 1 subunits, i.e.
HIF 1B and HIF 1a were involved. The analysis also revealed that in
diabetic rats, there was increased HIF lo expression, and targeted
HIF 1o inhibition reduced insulin resistance and obesity ["). The HIF-
la signalling pathway is associated with inflammation and oxidative
stress and has been reported to play an important role in the
pathogenesis of diabetic neuropathy and diabetic retinopathy [26 271,
Moreover, high glucose is known to up-regulate HIF-1a in various
cells, including cerebrovascular endothelium, renal mesangial cells,
and cardio-mycytes [,

CONCLUSION
Various studies have shown

lipid-lowering,
antihypertensive, and antioxidant related effect that is mainly due to
anthocyanin content of HSL in vitro in cell-lines, animal and human
studies, which support its use to treat insulin resistance. However,
mechanism of action at biological, cellular, and epigenetic level of
HSL has not been explained in detail, but is supposed to be due to its
anthocyanin content through HIF-1 pathway. Therefore, upcoming
research needs to be carried out to answer the mechanism of action,
as well as to determine the active component, needed dose,
bioavailability, and other important factors that are essential to the
Hibiscus sabdariffa Linn therapeutic approach. Further, it is
necessary to provide scientific evidence of efficacy.
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