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Abstract

Objective: This study aimed to test the hypothesis that Hibiscus sabdariffa Linn. Extract (HSE) would increase arcuate

nucleus Lep-R, NPY, and white adipose tissue β3AR mRNA expression in DIO rats. This study also analyzed the potency of

H. sabdariffa bioactive compounds as an activator of Lep-R and β3AR. Methods: Twenty-four male Sprague-Dawley rats were

separated into four groups: Control (standard chow), DIO (HFD), DIO-Hib200 (HFD+HSE 200 mg/kg BW), and DIO-Hib400

(HFD+HSE400 mg/kg BW). HSE administration was administered orally for five weeks, once a day. Result: The administration

of HSE significantly (P<0,05) increased the arcuate nucleus Lep-R expression, but not for the ARC NPY and WAT β3AR. The

Lee index of DIO rats also significantly decrease (p<0,001 for a dose of 200 mg/kg BW and p<0,01 for a dose of 400 mg/kg

BW) into the normal range ([?] 310). Among 39 bioactive compounds, 5-O-caffeoylshikimic acid has high free binding scores

(-8,63) for Lep-R, and myricetin 3 arabinogalactoside has high free binding scores (-9,39) for β3AR. These binding predictions

can activate Lep-R and β3AR. Conclusion: HSE increases leptin sensitivity and reduces obesity, and its bioactive compounds

can activate the Lep-R and β3AR to regulate energy balance. HSE could be a potential therapeutic target for obesity.

INTRODUCTION

Globally, obesity affects more than 600 million of the total adult population. Obesity is caused by a chronic
energy imbalance between food intake and energy expenditure that results in fat accumulation (1). Energy
homoestasis is tightly regulated by the central nervous system, especially the hypothalamus’s arcuate nucleus
(ARC). ARC contains two opposing neuronal populations, each characterised by two specific neuropeptides.
One of those populations is the appetite-suppressing proopiomelanocortin (POMC) neurons which provide a
potent anorexigenic effect; secretion of the POMC neuropeptides from these neurons decreases food intake.
By contrast, the second population is the appetite-stimulating agouti-related peptide neurons (AgRP) dan
neuropeptide Y (NPY) neurons with a potent orexigenic effect; the release of AgRP/NPY increases food
intake. Thus, in a situation of negative energy balance, the expression of AgRP/NPY is increased. On the
contrary, AgRP/NPY levels are diminished during an energy surplus, and POMC levels are increased (2).

ARC is close to the median eminence (ME), with many fenestrated capillaries that create ‘leaky’ in the
blood-brain barrier. The ME facilitates the transport of peripheral hormonal and nutritional metabolic
signals from the circulation (3). The peripheral signal that is critical for energy homeostasis is leptin.
Adipocytes produce leptin, and leptin receptors (Lep-R) are expressed in the ARC. Leptin inhibits food
intake, promotes energy expenditure by acting on POMC, and inhibits NPY/AgRP neurons. Furthermore,
leptin acts on ARC to promote non-shivering thermogenesis through a browning process to increase energy
expenditure through increased sympathetic nerve activity (SNA) in adipose tissue (4). Increased sympathetic
tone to adipose tissue increases the release of norepinephrine, which subsequently binds to and activates the
β3-adrenergic receptor (β3AR), increasing expression of thermogenic protein uncoupling protein-1 (UCP-1)
and its transcription factor (5).
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Most people with obesity exhibit dramatically elevated circulating leptin levels resulting from decreased leptin
sensitivity in the hypothalamus or leptin resistance. Therefore, the anorexigenic effect of leptin is agitated.
One of the known mechanisms that cause leptin resistance is Lep-R down-regulation in the ARC (6). Leptin
resistance also decreases sympathetic tone to adipose tissue, thus inhibiting the browning process (7). The
uses of natural products for treating obesity are more considered due to the negative side effect of medical
drugs. Moreover, the effect is short-term. Hibiscus sabdariffa Linn. (H. sabdariffa ), commonly known as
roselle, has been used for a long time as traditional medicine. H. sabdariffa has anti-obesity effects through
its active compounds, such as flavonoids, quercetin, polyphenols, and anthocyanins. Studies have shown
that some polyphenols can improve leptin resistance by decreasing leptin levels, increasing leptin transport
across the blood-brain barrier, and increasing metabolic activity, including inducing the browning of white
fat. Furthermore, quercetin can upregulate UCP1 in adipose tissue through sympathetic stimulation.

Our previous study has shown that Hibiscus sabdariffa Linn. extract (HSE) reduces fibroblast growth
factor-21 (FGF21) resistance through the increase in FGF21 receptor (FGFR1) expression. Moreover, HSE
induced browning of white tissue through the increase in expression of UCP1 and its transcription factor
peroxisome proliferator-activated receptor-gamma coactivator-1α (PGC1α) (8). This study aims to test the
hypothesis that HSE would increase the arcuate nucleus Lep-R, white adipose tissue β3AR, and decrease
the arcuate nucleus NPY mRNA expression in obese rats. Rats have long served as the preferred species for
biomedical research animal models due to their anatomical, physiological, and genetic similarity to humans
(9). A secondary purpose was to analyse the potency of H. sabdariffa bioactive compounds as an activator
of Lep-R and β3AR.

METHODS

Experimental design

This study was conducted in accordance with the Basic & Clinical Pharmacology & Toxicology policy
for experimental study (10). This animal study was approved by the Health Research Ethics Committee,
Faculty of Medicine, Universitas Indonesia (number:1381/UN2.F1/ETIK/2020). The sample of this study
was obtained from the previous study by Kartinah et al. (8). The experimental procedure was done in
the Animal Research Facility, Indonesian Medical Education and Research Institute (IMERI), Faculty of
Medicine, University of Indonesia. Twenty-four (24) male Sprague-Dawleyrats from the Animal Facility of
Health Research Development, Ministry of Health, aged 6-10 weeks, weight 110-160 g, with a 12:12-hour
dark-light cycle, were housed in three rats per cage and given free access to food and water.

Rats were first randomised into control and diet-induced obesity (DIO) groups. The control rats were given
a standard diet (6,43% of fat, 23,60% of protein), while the DIO rats were given to high-fat diet (19,09%
of fat, 24% of protein). The standard diet and high-fat diet were administered for 17 weeks. Rats were
categorised as DIO if their Lee index value was [?] 310. The Lee index was measured after 17 weeks using
the following formula (11):

Lee index =
3√
berat badan

panjang badan x 1000

The DIO rats were then randomised into three groups: DIO, DIO rats administered with HSE 200 mg/kg
BW (DIO-Hib200), and DIO rats administered with HSE 400 mg/kg BW (DIOHib400). The standard diet
for the control group and the high-fat diet for the DIO group were maintained until the study’s end. Thus,
the group was four: Control (C), DIO, DIO-Hib200, and DIO-Hib400. The total number of each group was
six. The sample size was measured by the Federer formula.

H. sabdariffa plant was obtained from the centre of the biopharma studies, Bogor Agriculture University,
and the extraction was carried out by the methanol maceration method. After the maceration, evaporation,
and freeze-drying were carried out to evaporate the solvent and remove the vaporised methanol to prevent its
toxicity. The extract used in this study is from the red calyx in the form of a paste. The administered HSE
was given once a day orally using a syringe cannula injection for five weeks, and the control group was given
2 mL of distilled water. After five weeks, the Lee index was remeasured. Long-term use of methanol extract
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does not have side effects. The methanol extract was found safe to the no-observed-adverse-effect-level
(NOAEL) for rats’ single-dose and repeated-dose toxicity tests (12).

Tissue collection

At the end of the study, rats were anaesthetised using the combination of 0,01 mL/kg BW xylazine hy-
drochloride and 0,05 mL/kg BW ketamine by intraperitoneal injection. Subcutaneous white adipose tissue
(WAT) and brain were dissected, weighed, and frozen at -80°C until analysed. The arcuate nucleus was
isolated with a reference based on research by Salehi et al. (13).

Gene expression analysis

Arcuate nucleus Lep-R and WAT β3AR mRNA expression were measured using quantitative real-time poly-
merase chain reaction (qPCR). RNA was extracted from frozen tissue using Zymo Research Quick-RNA
Miniprep Plus Kit, reverse transcribed using Toyobo ReverTra Ace qPCR RT Master Mix with gDNA Re-
mover Kit, and quantified by quantitative polymerase chain reaction (PCR) using Bioline SensiFAST SYBR
Hi-ROX Kit and measured on an Applied Biosystem 7500. Results were quantified using the 2-Ct method
and shown as arbitrary units relative to the control group.

Enzyme-linked immunosorbent assay analysis

The arcuate nucleus NPY concentration was measured by Rat NPY ELISA Kit (Bioenzy) with the sandwich
method according to the manufacturer’s protocol. ELISA reader measured the colour intensity at 450 nm
wavelength.

Molecular docking studies

The docking studies were carried out in AMD Ryzen 7 4800U installed in Lenovo Ideapad Slim 5 worksta-
tion. Molecular docking was performed for thirty-nine H. sabdariffa bioactive compounds from a study by
Herranz-Lopez et al. (14) in the active site of Lep-R (PDB ID: 3V6O) and β3AR using AutodockTools-1.5.6
software. Each compound’s simplified molecular-input line-entry system (SMILES) was identified from Pub-
Chem, National Library of Medicine, USA. The crystalline structure of β3AR was constructed by homology
model using CPHmodels with protein sequence downloaded from Uniprot (P13945) and validated using Ra-
machandran Plot. The two and three-dimensional (2D and 3D) visualisation was performed using Discovery
Studio and Molecular Operating Environment (MOE). The interaction of ligan-protein binding was analysed
according to the score of free binding energy (ΔG), inhibition constanta (Ki), and the number of hydrogen
bonds.

Statistical methods

Data are presented as the mean (SD). SPSS version 22 and GraphPrism version 8 were used for analyses.
Shapiro Wilk and Levene tests were used for normality and homogeneity test. P >0,05 was considered
normal and homogenous. One-way ANOVA and post-hoc LSD test were used to compare arcuate nucleus
Lep-R and NPY mRNA expression among the four groups, Kruskal-Wallis and post-hoc Mann-Whitney U
test were used to compare WAT β3AR mRNA expression among the four groups, and Two-way ANOVA was
used for Lee index before versus after HSE treatment.P <0,05 was considered significant.

RESULTS

HSE treatment increases the expression of arcuate nucleus Lep-R mRNA levels in obese rats

In order to test the hypothesis that the administration of HSE would increase the arcuate nucleus Lep-R
levels, we treated the DIO male Sprague-Dawley rats with HFD and HSE for five weeks. After five weeks, the
arcuate nucleus Lep-R mRNA levels were determined among all four groups (Figure 1). The Lep-R mRNA
expression in the DIO group was lower than in the control group. The administration of HSE at a dose of
200 did not significantly increase Lep-R mRNA expression. However, the administration of HSE at a dose
of 400 mg/kg BW significantly increased the arcuate nucleus Lep-R mRNA expression 0,5-fold compared to
the DIO group (P <0,05).
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Νο υπρεγυλατιον οφ αρςυατε νυςλευς ΝΠΨ ανδ ΩΑΤ β3ΑΡ μΡΝΑ ιν οβεσιτψ ρατς

After five weeks of HSE treatment, the arcuate nucleus NPY and WAT β3AR mRNA levels were determined
(Figure 2 and Figure 3, respectively). The arcuate nucleus NPY and β3AR mRNA expression in the DIO
group was lower than in the control group. There are no significant differences in arcuate nucleus NPY
and WAT β3AR mRNA expression among the four groups after HSE administration. However, there is an
increase of β3AR mRNA expression in the DIO-Hib400 group, almost close to the control group.

HSE treatment ameliorates the Lee index to the normal range

The mean baseline of the rat’s body weigtht is described in the supplementary file Table 1. The induction
of a high-fat diet has significantly made rats obese. It has been proven that mean of the Lee index is [?]310
(Figure 4). After five weeks of the HSE treatment, the mean of the Lee index of the DIO-Hib 200 and
DIO-Hib 400 group was significantly decreased (p <0,001 andp <0,01 respectively) into the normal range
[?]310 compared to the DIO group (Figure 5). These results mean that the rats are no longer obese.

H. sabdariffa βιοαςτιvε ςομπουνδς πρεδιςτεδ το αςτ ας αν αςτιvατορ ον Λεπ-Ρ ανδ β3ΑΡ

The in silico prediction was analysed by molecular docking. The Ramachandran Plot validation for β3AR
crystalline structure is shown in Figure 5. Model validation highlighted 92,901% residues in the highly
preferred observation region (green), 5,247% residues in the preferred observation region (orange), and 1,852%
residues in the questionable observation region (red). The docking results consisting of ΔG score, inhibition
constanta, and hydrogen bond results are described in Table 2 for Lep-R and Table 3 for β3AR. The ΔG
scores provide a docking energy complex. Among screened 39 H. sabdariffa bioactive compounds,5-O-caffeoyl
shikimic acid has the highestΔG scores (-8,63) for Lep-R, and myricetin 3 arabinogalactoside has the highest
ΔG score (-9,39) for β3AR. The 2D visualisation of 5-O-caffeoyl shikimic acid and Lep-R, and myricetin 3 -
arabinogalactosideand β3AR docking complex to analyse the amino acid and hydrogen bond interaction in
the receptor active site shown in figure 6 and figure 7, respectively. The National Centre of Biotechnology
Information (NCBI) database was used to analyse the amino acid residues and hydrogen bond interaction.
The result is that the amino acid residues and hydrogen bond interaction are in the transmembrane region.
This interaction may lead to the formation of aggregates that can alter and influence the biological activity of
receptors. Thus, these ligand-receptor interactions can activate and induce the receptor signalling pathway.
The 3D visualisation is shown in Figure 8.

Discussion

Leptin is found in adipocytes and controls appetite and body weight (15). The role of leptin in controlling
energy balance is evidenced by leptin replacement which results in decreased appetite and increased energy
expenditure in leptin deficiency subjects who experience hyperphagia and obesity (16). Leptin signalling is
directly targeted in the ARC and mediated by Lep-R (15). Depolarisation of POMC neurons in ARC by
Lep-R activation sends projections that reach the nucleus tract solitary (NTS) in the brainstem to decrease
food intake and inhibit GABAergic tone to the rostral raphe pallidus (rRPa) to increase energy expenditure
(16). However, leptin deficiency is rare in obesity; instead, most people with obesity exhibit hyperleptinemia
due to the inability of Lep-R-expressing neurons in the hypothalamus to detect leptin. This ability can occur
due to the downregulation of Lep-R expression in the ARC (17,18).

By real-time PCR, we have found that Lep-R expression was lower in the DIO group than in the control
group (Figure 1). It is consistent with a study by Martin et al. that showed a decrease in Lep-R expression
was found in experimental animal models with hyperleptinemia and obesity. Administration of high doses
of leptin to mice resulted in the downregulation of Lep-R expression in the hypothalamus (17). Another
study by Liu et al. (19) and Zhai et al. (20) also showed that high-fat DIO decreased Lep-R expression. The
administration of HSE at 400 mg/kg BW in this study showed a significant increase in Lep-R expression
than in the DIO group (Figure 1). In the normal state, Lep-R expression increases in the fasting state and
goes down in the feeding state. However, in obesity, this increase is inhibited (20).

Decreased Lep-R expression in high-fat DIO has been reported to result from the activation of matrix
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metalloproteinase-2 (MMP-2) and subsequent cleavage of the extracellular domain of the Lep-R. MMP is
an endopeptidase involved in the proteolysis of affinity proteins, whose activity disrupts various biological
functions. Activation of this protease is reported to be due to systemic or central inflammation in the
hypothalamus in obesity. Activation of inflammation mediators has been reported to increase MMP-2
expression. Mazor et al. showed that rats fed a high-fat diet experienced increased hypothalamic MMP-
2 activity. This activation of MMP-2 induces cleavage of the extracellular domain of the leptin receptor,
thereby inhibiting the anorexigenic effect of leptin. Deleting hypothalamic MMP-2 has been shown to restore
Lep-R expression and reduce circulating leptin levels in animal models of obesity (21).

A study by Kumar et al. (22) reported that several classes of active compounds were known to directly
inhibit MMP or reduce MMP expression. One of the most common groups is flavonoids and polyphenols
(23). Quercetin and amentoflavone were found to inhibit MMP or reduce MMP expression (22) directly.
Consistent with that study, H. sabdariffa in modulating the increase in Lep-R expression is thought to occur
through inhibition of MMP-2 by high flavonoid and polyphenol content, i.e., quercetin and anthocyanin,
especially in the calyx (24). Further study is needed regarding H. sabdariffa on MMP-2 expression in the
ARC.

Molecular docking is an approach used to predict the interaction between a small compound/ligand with a
protein using computational methods, thus possibly characterising the ligand’s properties at the binding site
of the target protein. The molecular docking process consists of 2 main steps; predicting the conformation
of the ligand and its position and direction on the protein’s active site and assessing the binding affinity
formed between the ligand and protein. The higher the value(G), the weaker the interaction. The low
binding value (negative) makes the receptor-compound interaction stable because of the small free energy
of the complex (25). According to the docking result, the highest affinity prediction for Lep-R is shown by
5-O-Caffeoylshikimc acid (ΔG -8,63). Based on the 2D visualisation (Figure 6), the binding conformation
forms hydrogen bond interaction in the Lep-R active site at the amino acid residues Ile482, His467, and
Arg468. According to the NCBI database, this amino acid residue is at transmembrane regions. These
results indicate that this compound can act as a Lep-R activator.H. sabdariffa is thought to activate the
leptin receptor signalling pathway through this binding.

The study of adaptive thermogenesis is widely developed to increase energy expenditure; one of them is
through the browning process. Only the brown adipose tissue (BAT) has thermogenic activity in average
conditions. However, in adults, the number of BAT is decreased. The browning process changes the WAT
phenotype to a beige adipocyte’s BAT-like phenotype. The beige adipocyte has a high thermogenic capacity,
thus increasing energy expenditure. The browning process is stimulated by sympathetic stimulation (26).
In addition to decreasing appetite, Lep-R signalling in the ARC increases sympathetic stimulation to WAT
(27). Increased sympathetic tone to WAT induces increased mobilisation of fatty acids, contributes to the
development of beige adipocytes, and significantly increases the concentration of norepinephrine (NE) which
then binds and activates β3AR. It is consistent with the study by Dodd et al. (28) that showed sympathetic
denervation of WAT decreased the browning process.

This study showed that compared to the control group, the DIO group had decreased mRNA expression
of the β3AR. It is consistent with the study by Collins et al. (29), Rayner (30), and Valentine et al. (31),
which showed that in high-fat DIO, there is a downregulation of β3AR in WAT and decreased responsiveness
to sympathetic stimulation. The decrease in β3AR expression was due to increased inflammatory cytokines
in adipocytes in obesity. Acute inflammation can be catabolic and is associated with increased lipolysis.
However, long-term high-fat diet-induced chronic inflammation is associated with decreased expression of
genes involved in thermogenic pathways such as β3AR (31). Decreased expression and sensitivity of β3AR
in obesity have also been reported due to decreased fatty acid mobilisation and decreased leptin sensitivity
to increase sympathetic stimulation (32).

The administration of HSE did not significantly increase the expression of β3AR among all the groups.
Consistent with this, a study by Jasper et al. (33) shows that cold induction in β3AR KO mice did not
increase the expression of β3AR mRNA in white adipocytes, though the thermogenic protein UCP1 is

5
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increased. This result indicates that the β3AR signalling pathway for the browning of white fat can be
dispensable. Several non-adrenergic signalling molecules such as adenosine, cardiac natriuretic peptides,
irisin (34), and FGF21 (8) have been reported can induce the browning of white fat (33). However, this
compound can act as a Lep-R activator. H. sabdariffa is thought to activate the β3AR signalling pathway
through this binding.

The myricetin 3 arabinogalactoside is a flavonoid compound (14). Kuppusamy and Das (35) show that
flavonoids can act synergically with NE on adipose tissue β3AR to induce lipolysis. Flavonoids have also
been known to induce browning by increasing the expression of the thermogenic gene UCP1, increasing energy
expenditure, and inhibiting the development of high-fat DIO, which is expected to reduce body weight (36).
Faria et al. (37) also proved that flavonoids could cross the blood-brain barrier (BBB) and access the central
nervous system. Thus, although it does not have the potency to increase the β3AR expression,H. sabdariffa
is thought to have the potency to bind and activate β3AR to induce the browning of white fat.

The results of increased expression and signalling of Lep-R in the ARC and activation of WAT β3AR by H.
sabdariffa are expected to promote weight loss. All the possible mechanism is shown in Figure 8. This study
proved that administration of HSE for five weeks on high-fat DIO rats was able to significantly reduce the
means of Lee index at a dose of 200 mg/kg BW (P <0,001) and also at a dose of 400 mg/kg BW (P <0,01).
This decrease is related to the control of leptin resistance to inhibit food intake and increased sympathetic
stimulation to WAT. At the end of the study, the obese rats are no longer obese. It is consistent with the
study by Marhuenda et al. (38), Herranz-Lopez et al. (14), Boix-Castejon et al. (39), and Chang et al. (40)
that showed the administration of H. sabdariffa was able to reduce body weight, body mass index, and fat
mass.

Conclusion

Our in vivo and in silico study identifies the potency of H. sabdariffa to regulate energy balance in obesity
by increasing leptin sensitivity in the ARC through increased Lep-R mRNA expression and activating Lep-R
signalling. Moreover, H. sabdariffabioactive compound synergises with WAT β3AR. Together, these two
effects are expected to reduce food intake, increase sympathetic tone to WAT, and induce the browning of
white fat to increase energy expenditure in high-fat DIO rats. We acknowledge this studies are limited as
the mRNA expression and limitation of the H. sabdariffa bioactive compound database could be more. The
ARC Lep-R protein expression and the increase in blood norepinephrine need to be identified to explore
further.
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15. Timper K, Brüning JC. Hypothalamic circuits regulating appetite and energy homeostasis: Pathways to
obesity. DMM Dis Model Mech. 2017;

16. Straat ME, Schinkelshoek MS, Fronczek R, Lammers GJ, Rensen PCN, Boon MR. Role of Brown Adipose
Tissue in Adiposity Associated With Narcolepsy Type 1. Frontiers in Endocrinology. 2020.

17. Martin RL, Perez E, He YJ, Dawson R, Millard WJ. Leptin resistance is associated with hypothalamic
leptin receptor mRNA and protein downregulation. Metabolism. 2000;49(11).

18. Wauman J, Zabeau L, Tavernier J. The leptin receptor complex: Heavier than expected? Front Endocrinol
(Lausanne). 2017;8(FEB).

19. Liu ZJ, Bian J, Liu J, Endoh A. Obesity reduced the gene expressions of leptin receptors in hypothalamus
and liver. Horm Metab Res. 2007;39(7).

20. Zhai L, Zhao J, Zhu Y, Liu Q, Niu W, Liu C, et al. Downregulation of leptin receptor and kisspep-
tin/GPR54 in the murine hypothalamus contributes to male hypogonadism caused by high-fat diet-induced
obesity. Endocrine. 2018;62(1).

21. Mazor R, Friedmann-Morvinski D, Alsaigh T, Kleifeld O, Kistler EB, Rousso-Noori L, et al. Cleavage of
the leptin receptor by matrix metalloproteinase-2 promotes leptin resistance and obesity in mice. Sci Transl
Med. 2018;10(455).

22. Kumar GB, Nair BG, Perry JJP, Martin DBC. Recent insights into natural product inhibitors of matrix
metalloproteinases. Medchemcomm. 2019;10(12).

23. Joe MJ, Kim SN, Choi HY, Shin WS, Park GM, Kang DW, et al. The inhibitory effects of eckol and dieckol
from Ecklonia stolonifera on the expression of matrix metalloproteinase-1 in human dermal fibroblasts. Biol

7



P
os

te
d

on
30

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

98
13

77
.7

29
43

62
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Pharm Bull. 2006;29(8).

24. Riaz G, Chopra R. A review on phytochemistry and therapeutic uses of Hibiscus sabdariffa L. Biomed
Pharmacother. 2018;102(May 2017):575–86.

25. Meng X-Y, Zhang H-X, Mezei M, Cui M. Molecular Docking: A Powerful Approach for Structure-Based
Drug Discovery. Curr Comput Aided-Drug Des. 2012;

26. Fenzl A, Kiefer FW. Brown adipose tissue and thermogenesis. Hormone Molecular Biology and Clinical
Investigation. 2014.

27. Yang R, Barouch LA. Leptin signaling and obesity: Cardiovascular consequences. Vol. 101, Circulation
Research. 2007.

28. Dodd GT, Decherf S, Loh K, Simonds SE, Wiede F, Balland E, et al. Leptin and insulin act on POMC
neurons to promote the browning of white fat. Cell. 2015;

29. Collins S, Daniel KW, Rohlfs EM. Depressed expression of adipocyte β-adrenergic receptors is a common
feature of congenital and diet-induced obesity in rodents. Int J Obes. 1999;23(7).

30. Vernon Rayner D. The sympathetic nervous system in white adipose tissue regulation. Proc Nutr Soc.
2001;60(3).

31. Valentine JM, Ahmadian M, Keinan O, Abu-Odeh M, Zhao P, Zhou X, et al. β3-adrenergic receptor
downregulation leads to adipocyte catecholamine resistance in obesity. J Clin Invest. 2021;

32. Rayner DV, Trayhurn P. Regulation of leptin production: Sympathetic nervous system interactions.
Vol. 79, Journal of Molecular Medicine. 2001.

33. de Jong JMA, Wouters RTF, Boulet N, Cannon B, Nedergaard J, Petrovic N. The β3-adrenergic receptor
is dispensable for browning of adipose tissues. 2017 p. E508–18.

34. Santoso DIS, Sianipar IR, Kartinah NT. PERAN LATIHAN FISIK DALAM PENANGANAN OBESI-
TAS: AKSI IRISIN PADA PROSES PENCOKELATAN. J ILMU FAAL OLAHRAGA Indones. 2021;3(1).

35. Kuppusamy UR, Das NP. Potentiation of β-adrenoceptor agonist-mediated lipolysis by quercetin and
fisetin in isolated rat adipocytes. Biochem Pharmacol. 1994;47(3).

36. Zhang X, Li X, Fang H, Guo F, Li F, Chen A, et al. Flavonoids as inducers of white adipose tis-
sue browning and thermogenesis: Signalling pathways and molecular triggers. Vol. 16, Nutrition and
Metabolism. 2019.

37. Concha F, Prado G, Quezada J, Ramirez A, Bravo N, Flores C, et al. Nutritional and non-nutritional
agents that stimulate white adipose tissue browning. Reviews in Endocrine and Metabolic Disorders. 2019.

38. Marhuenda J, Perez S, Victoria-Montesinos D, Abellán MS, Caturla N, Jones J, et al. A randomi-
zed, double-blind, placebo controlled trial to determine the effectiveness a polyphenolic extract (Hibiscus
sabdariffa and lippia citriodora) in the reduction of body fat mass in healthy subjects. Foods. 2020;
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Group Mean body weight (g)

Control 276.2
DIO 363.4
DIO-Hib200 303.6
DIO-Hib400 340.6

Table 2. Docking score of H. sabdariffa and Lep-R

Compound ΔΓ (κςαλ/μολ) pKi

1-O-caffeoylquinic acid -6.61 14.22 uM
Methyl digallate-meta -7.95 1.5 uM
Chlorogenic acid -7.24 4.9 uM
Chlorogenic acid quinone -8.17 1.02 uM
Ethylchlorogenate -8.25 889.76 nM
5-O-Caffeoylshikimic acid -8.63 472.71 nM
Cryptochlorogenic acid -4.8 303.12 uM
Coumaroylquinic acid -6.41 19.93 uM
Caffeoylglucose -3.32 3.7 mM
N-Feruloyltyramine -6.11 33.15 uM
Neochlorogenic acid -7.97 1.44 uM
Hibiscus acid dimethylester -4.78 314.34 uM
2-O-trans-Feruloyl hydroxicitric acid -8.44 652.15 nM
Hibiscus acid -3.78 1.7 mM
Hibiscus acid hydroxyethylesther -5.74 62.5 uM
Hydroxycitric acid -3.75 1.78 mM
2-O-caffeoylhydroxycitric acid -7.74 2.14 uM
Myricetin-3-arabinogalactose -7.79 1.94 uM
Kaempferol-3-O-rutinoside -4.84 281.66 uM
Cyanidin-3-sambuboside -3.37 3.41 mM
Kaempferol-3-O-sambuboside -3.93 1.31 mM
Prodelphinidin-B3 -4.48 522.5 uM
Delphinidin-3-sambubioside -3.91 1.35 mM
Quercetin-3-rutinoside -3.91 1.37
Delphinidin-3-O-beta-D-sambubioside -4.11 965.55 uM
Quercetin-3-glucoside -5.18 160.87 uM
Quercetin -6.63 13.78 uM
Methyl-epigallocatechin -7.34 4.19 uM
Myricetin-3-glucoside -4.59 429.46 uM
Leucoside -2.92 7.26 mM
Quercetin 3-O-glucuronide -6.41 19.93 uM
3-Methylquercetin -7.64 2.51 uM
Myricetin -6.64 13.63 uM
Quercetin-3-sambubioside -3.67 2.05 mM
Kaempferol-3-glucuronide -5.86 50.5 uM
Kaempferol -6.65 13.35 uM
Tetra-O-methyljeediflavanone -7.2 5.26 uM
Quercetin 3.7-diglucuronide -4.51 491.23 uM
Methyl digallate-para -6.91 8.6 uM
Setmelanotide (positive control) -3.52 2.61 mM

9



P
os

te
d

on
30

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

98
13

77
.7

29
43

62
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Bold: The lowest ligand-protein binding energy

Table 3. Docking score of H. sabdariffa and β3AR

Compound ΔΓ (κςαλ/μολ) pKi

Tetra O methyljeediflavanone -8.78 368.72 nM
Kaempferol 3 O sambubioside -4.5 500.89 uM
5 O Caffeoylshikimic acid -5.73 62.9 uM
Quercetin 3 sambubioside -4.82 293.06 uM
Quercetin 3 rutinoside -4.09 1.0 mM
Quercetin 3 O glucuronide -6.31 23.81 uM
Quercetin 3 7 diglucuronide -5.38 113.11 um
Prodelphinidin B3 -6.85 9.57 Um
Neochlorogenic acid -5.97 41.78 Um
Myricetin 3 glucoside -6.37 21.5 uM
Myricetin 3 arabinogalactoside -9.39 137.84 uM
Myricetin -6.95 8.03 uM
Moupinamide -6.58 15.05 uM
methyl epigallocatechin -8.34 774.71 nM
Methyl digallate-meta -7.95 1.49 uM
Methyl digallate-para -8.21 966.53 nM
Leucoside -5.03 204.89 uM
Kaempferol-3-O-rutinoside -6.68 12.69 uM
Caffeoylglucose -3.87 1.45 mM
1-O-Caffeoylquinic acid -6.25 26.02 uM
Chlorogenic acid -5.96 42.69 uM
Chlorogenic acid quinone -5.9 47.32 uM
Cryptochlorogenic acid -5.39 111.97 uM
Cyanidine 3 sambubioside -4.68 373.44 uM
Delphinidin 3 O beta D samubioside -4.22 800.54 uM
Delphinidine 3 sambubioside -4.77 317.66 uM
Ethylchlorogenate -8.9 300.47 nM
Hibiscus acid -3.27 4.02 mM
Hibiscus acid dimethylester -3.98 1.21 mM
Hydroxycitric acid -3.18 4.65 mM
Kaempferol -7.05 6.78 uM
Kaempferol 3 glucuronide -6.87 9.23 uM
Quercetin 3 glucoside -6.67 12.85 uM
Coumaroylquinic acid -6.4 20.34 uM
3 Methylquercetin -6.43 19.19 uM
2-O-trans-Feruloylhydroxitric acid -6.62 13.95 uM
2-O-caffeoylhydroxycitric acid -6.79 9.48 uM
Hibiscus acid hydroxyethylesther -4.86 275.48 uM
Quercetin -6.43 19.36 uM
Mirabegron (positive control) -7.22 5.06 uM

Bold: The lowest ligand-protein binding energy

List of figure:
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Figure 1. Average Lep-R expression. Data are depicted as mean ± SD. Significant differences are shown as
*p<0.05 .

Figure 2. Average levels of NPY (mg/L). Data are depicted as mean ± SD. No significant differences are
shown (p>0.05 ).
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Figure 3. Average β3AR expression. Data are depicted as mean ± SD. No significant differences are shown
(p>0.05 ).

Figure 4. Average Lee index score pre- and post- HSE administration. Data are depicted as mean ± SD.
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Figure 5. Ramachandran plot of modeled human β3AR. The Ramachandran plot statistics – Model validation
highlighted 92.9% (301) residues in most favored regions (green), 5.3% residues in additional allowed regions
(orange), and 1.9% residues in disallowed regions (red). The Ramchandran plot is used for model validation.

Figure 6. Docking complex of 5-O-Caffeoylshikimic acid on crystal structure of Lep-R. The figure shows
predicted docking site of5-O-Caffeoylshikimic acid on Lep-R. (A) 2D docking pattern. (B) 3D view.
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Figure 7. Docking complex of Myricetin 3 arabinogalactoside on crystal structure of β3AR. The figure shows
predicted docking site ofMyricetin 3 arabinogalactoside on β3AR. (A) 2D docking pattern. (B) 3D view.

Figure 8. H. sabdariffa regulates energy balance through arcuate nucleus and promotes WAT browning. H.
sabdariffa increases ARC Lep-R mRNA expression and enhances Lep-R activation, transcribing anorexigenic
neuropeptides. Once leptin signaling has been increased in POMC neurons, the sympathetic nervous system
increases the WAT browning process. Furthermore, H. sabdariffa is predicted can enhance β3AR activation to
directly increase WAT browning process and scale up the energy expenditure. (Created with BioRender.com)
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