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A B S T R A C T   

Metabolic syndrome (MS) represents a global health challenge characterized by various metabolic disorders, 
including HOMA-IR (insulin resistance), obesity, dyslipidemia, and hypertension. In our pursuit of identifying 
natural alternatives for the development of effective and safe anti-obesity medications, we examined the po-
tential of the methanolic extract of the Red Sea derived soft coral Sarcophyton glaucum, where serum levels of 
glucose, insulin, HOMA-IR, lipid profile, fetuin A and B, PTP1В (Protein tyrosine phosphatase 1B), adropin and 
omentin were determined. Furthermore, the expression of the UCP1 (Uncoupling protein 1) and PPARGC1A 
(Peroxisome proliferator–activated receptor-g coactivator-1a) genes have been assessed, to evaluate the anti- 
obesity potential of S. glaucum organic extract. Our findings demonstrated a significant decrease in glucose, 
HOMA-IR, cholesterol, triglyceride, LDL-C, fetuin A and B, and PTP1В levels, accompanied by a significant in-
crease in insulin, HDL-C, adropin, omentin, UCP1, and PPARGC1A expression after treatment with the soft coral 
extract. These promising outcomes can be attributed to the remarkable ingredients present in the extract, which 
were further supported by histopathological findings. In addition, a virtual screening protocol including mo-
lecular docking (MDock) and Structure-Activity Relationships (SARs) of 27 marine diterpenes was also explored 
to identify potential PTP1В inhibitors targeting simultaneously the catalytic site and allosteric site, as well as 
fetuin A modulators. Moreover, the six most promising predicted marine diterpenes (4, 8, 9, 10, 13 and 14) were 
investigated for their pharmacokinetic properties, druglike nature and medicinal chemistry friendliness using the 
SwissADME platform. Of these, four marine diterpenes (4, 8, 9, and 10) were predicted to exhibit the appropriate 
drug-like properties.   

Introduction 

Obesity presents a significant and pressing public health challenge 
on a global scale, contributing to a substantial burden of disability and 
mortality (The Lancet Public Health, 2023). As highlighted by Chait and 
den Hartigh, obesity is not simply a condition of excess weight but rather 
an inflammatory systemic disease linked to diabetes, insulin resistance, 
cancer, heart disease, and chronic kidney disease, among other meta-
bolic diseases (Chait and den Hartigh, 2020). Adipose tissue (AT), 
comprising stromal vascular cells and adipocytes, plays a key role in 

obesity development and metabolic diseases. Sedentary lifestyles and 
inadequate physical activity are major contributors to the onset of 
obesity and related conditions. Within AT, various adipokines, secreted 
by this endocrine organ, are involved in the pathogenesis of multiple 
illnesses and exert significant impacts on lipid and glucose metabolism 
(Mohammad et al., 2022). 

Fetuin B, a hepatokine protein belonging to the family of cysteine 
protease inhibitors, is secreted by the liver. It shares about 22 % simi-
larity with the other well-known hepatokine, fetuin A (Rudloff et al., 
2021). Wang et al. established the involvement of fetuin B in obesity and 
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its related metabolic disorders, i.e., increased levels of fetuin B have 
been detected in non-alcoholic fatty liver disease, and diabetes, in-
dividuals as well as in obese mice. Consistent with these findings, earlier 
research by the authors revealed a positive correlation between serum 
fetuin B levels, triglyceride levels, and the risk of insulin resistance in 
obese Chinese individuals. Furthermore, obese mice treated with re-
combinant fetuin B exhibited exacerbated liver steatosis and glucose 
intolerance. In vitro experiments consistently demonstrated that exog-
enous fetuin B reduces insulin sensitivity in myocytes, hepatocytes, and 
cardiomyocytes. These results strongly imply that fetuin B is intimately 
related to insulin resistance and may function as a mediator in obesity- 
related metabolic disorders. However, the exact pathways through 
which fetuin B is activated in obesity remain unknown (Wang et al., 
2022). 

Moreover, adipose tissue and the liver are the primary sources of 
fetuin A production and secretion. Recent evidence suggests that the 
liver plays a crucial role in regulating glucose and lipid metabolism 
through the synthesis of fetuin A, potentially influencing the body’s 
energy homeostasis. In animal models of diet-induced obesity, charac-
terized by hepatic steatosis, an upregulation of fetuin A mRNA expres-
sion has been observed in the liver. Multiple cross-sectional and large 
cohort studies have consistently demonstrated a positive association 
between elevated fetuin A levels and increased risks of obesity, as well as 
related conditions such as metabolic syndrome, type 2 diabetes, and 
both subclinical and clinical cardiovascular disease (CVD). (Ramírez- 
Vélez et al., 2019). 

Protein tyrosine phosphatase 1B (PTP1B) serve as a negative regu-
lator of the phosphorylation and signalling of the insulin receptor (Liu 
et al., 2022; Sharma et al., 2020; Szczepankiewicz et al., 2003; Wies-
mann et al., 2004). Recently, the design of small molecule to treat type II 
diabetes i.e., PTP1В inhibitors has become increasingly important, due 
to the fact that the inhibition of PTP1B resulted in the enhancement of 
insulin action (Liu et al., 2022; Sharma et al., 2020; Yang et al., 2021). 
Positive charge and high conservation nature of PTP1B catalytic site, 
motivated the development of PTP1B small molecule inhibitors as a 
therapeutic drug (Liu et al., 2022; Sharma et al., 2020). Among the 
conserved residues, Cys 215 and Arg 221 residues are the most vital for 
the catalysis activity (Liu et al., 2022; Sharma et al., 2020; Szcze-
pankiewicz et al., 2003). 

So far, a very limited number of PTP1В inhibitors, including a 
naphtho[2,3-b]thiophene derivative (ertiprotafib), a synthetic marine 
amino sterol derivative (trodusquemine) and a bis[(1,3-thiazolyl) 
methyl]amine derivative (JTT-551), (Fig. 1) have been entered clin-
ical trials, even though the massive efforts undertaken in the investi-
gation of useful PTP1В inhibitors (Liu et al., 2022; Sharma et al., 2020). 

Kumar et al. identified adropin as a peptide hormone that operates 
through the G protein-coupled receptor 19 (GPR19) on cell membranes 
to regulate energy metabolism and insulin resistance (Kumar et al., 
2008). Adropin is found in various tissues and organs throughout the 
body and has been closely associated with obesity and type 2 diabetes 
(Zhang and Chen, 2022). Additionally, by upregulating the expression of 
endothelial nitric oxide synthase, it is directly involved in suppressing 
atherosclerosis. Recent investigations have revealed that this peptide 
hormone plays a crucial role as a mediator in lipid metabolism, energy 
balance, and glucose tolerance. It exerts control over lipid and glucose 
metabolism, thereby offering protection against hyperinsulinemia 
associated with obesity (Badawy et al., 2020; Ganesh Kumar et al., 
2012). 

Omentin, an adipocytokine predominantly found in visceral adipose 
tissue, is known for its anti-inflammatory properties. It has been 
observed to possess insulin-sensitizing actions, making it a significant 
factor in regulating lipid metabolism, anti-inflammatory responses, 
body weight, insulin resistance, and the activation of endothelial nitric 
oxide synthase. Omentin levels have been found to be lower in people 
who are insulin resistant and in people who have pro-inflammatory 
diseases such obesity, type I and type II diabetes (Badawy et al., 2020). 

Indeed, through the action of the uncoupling protein 1 (UCP1), 
brown adipose tissue (BAT) controls energy expenditure by allowing 
energy to be released as heat. According to several studies, BAT acti-
vation is linked to lower blood glucose levels, better insulin resistance, 
and higher resting energy expenditure in both people and animals. As 
opposed to subcutaneous adipose tissue (SAT), visceral adipose tissue 
(VAT) in white adipose tissue (WAT) depots is a more pathogenic depot, 
and an enlarged VAT is associated with a higher risk of metabolic syn-
drome and type 2 diabetes mellitus (T2DM) (Bettini et al., 2019). 

Strong and versatile transcriptional coactivator, peroxisome pro-
liferator–activated receptor–g coactivator-1a (PPARGC1A gene; PGC-1a 
protein) controls genes implicated in glucose homeostasis pathways. In 

Fig. 1. Chemical structures of small-molecule PTP1В inhibitors investigated in clinical trials (Liu et al., 2022; Sharma et al., 2020).  
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addition to influencing important physiological processes including 
mitochondrial biogenesis, microvascular flow, and oxidative phos-
phorylation, PPARGC1A may influence the pathophysiology of type 2 
diabetes by affecting important characteristics like insulin function. 
Data from subcutaneous adipose tissue (SAT) and skeletal muscle sup-
port this. Additionally, human subjects exposed to an unfavourable in-
trauterine environment-that is, individuals with low birth weight and an 
increased risk of T2D-had increased PPARGC1A methylation in SAT and 
skeletal muscle, indicating that this gene’s epigenetic profile may be 
susceptible to harmful influences during a person’s fatal life (Kelstrup 
et al., 2016). 

Allosteric modulators targeting less conservative allosteric sites are 
generally more selective and less toxic than orthostatic ligands and thus 
can achieve better pharmacological profiles (Liu et al., 2022; Sharma 
et al., 2020; Wiesmann et al., 2004; Yang et al., 2021). An allosteric site 
of PTP1В was previously recognized by Wiesmann et al. and several 
benzbromarone derivatives have been identified as inhibitors targeting 
this site; The recognized allosteric site is located away from the catalytic 
site by 20 Å, and surrounded by α3, α6 and α7 helices in which Leu192, 
Phe280 and Glu276 residues are the most relevant for allosteric activity 
(Wiesmann et al., 2004), (Fig. S2 in the Supplementary Material). 
PTP1В has been implicated in the development of insulin resistance 
during conditions of metabolic syndrome and obesity (Bourebaba et al., 
2021), however, its exact role in controlling adipose tissue biogenesis is 
still poorly understood. It has also been shown recently that fetuin A, a 
glycoprotein, is a key regulator of insulin resistance (Bourebaba et al., 
2021; Bourebaba and Marycz, 2019), thus representing a promising 
target for the study and characterization of this process. 

Indeed, marine organisms are distinguished with their unusual 
metabolic and physiological abilities, resulted from their novel and 
unique secondary metabolites which arose of the distinctive environ-
ment they have grown in (Ghareeb et al., 2020; Tammam and El- 
Demerdash, 2023). In the last decade, marine natural products were 
found to be a novel supplier of several secondary metabolites that can be 
an effective substance in several applications either in cosmetology or 
pharmaceutical (Tammam et al., 2023). Up to now 17 peptides and 
small molecules already exist in the marine pharmaceutical clinical 
pipeline, and gained the approvement from US FDA and EMEA, among 
the approved drugs, vidarabine (Vira-A®; FDA- permitted 1976), tra-
bectedin (Yondelis®; FDA- permitted 2015), and ziconotide (Prialt®, 
FDA- permitted 2004), for viral, tumor, and pain treatments, 
respectively. 

One unique source of novel and structurally diverse secondary me-
tabolites from the marine environment is the soft corals of the order 
Alcyonacea, genus Sarcophyton (family: Alcyoniidae) (Song et al., 2023; 
Tammam et al., 2023). Approximately 828 different marine derived 
natural products were identified from this genus (MarinLit, 2023), 
mostly including terpenes (Liang and Guo, 2013), steroids (Ngoc et al., 
2021), quinones (Huang et al., 2020). Indeed, the genus Sarcophyton 
exhibits remarkable chemical diversity, allowing for the display of a 
broad range of biological activities. These activities encompass cyto-
toxicity, anti-inflammatory effects, anti-angiogenic properties, antimi-
crobial activity, neuroprotective potential, immunomodulatory effects 
against tumors, antifouling properties, and even ichthyotoxic (Song 
et al., 2023; Wang et al., 2012). 

So far few compounds of natural origin were found to be able to 
prevent obesity and lower lipids levels through several and different 
mode of actions, including compounds of plant origin for example cur-
cumin isolated from the rhizomes of Curcuma longa, capsaicin which is 
the major constituent of Capsicum annuum, the triterpene derivative 
celastrol obtained from Tripterygium wilfordii roots, the saponin deriva-
tive ginsenosides isolated from the rhizomes and roots of Panax ginseng, 
gingerol and shogaol that detected in the extract of ginger (Zingiber 
officinale). Also, marine environment supports us with some compounds 
with anti-obesity effect for example the sesquiterpene derivative pal-
inurin, callyspongynic acid, dysidine, the anthraquinones derivatives 

questinol and citreorosein, and the brominated lipid methyl xesto-
spongic ester, phorbaketal A isolated from the marine sponges Ircinia 
dendroides, Callyspongia truncate, Dysidea sp, Stylissa flabelliformis, Xes-
tospongia testudinaria, and Phorbas sp., respectively; additionally yoshi-
none A, a C-pyrone derivative obtained from the cyanobacterium 
Leptolyngbya sp and the indole alkaloid derivative meridianin C obtained 
from the macroalgae Aplidium meridianum (Arya et al., 2020). 

Furthermore, several diterpenes including abietane-type, pimarane- 
type, and tenkaurane-type isolated from plants have been reported to be 
active as PTP1В inhibitors, marine diterpenes that serve as PTP1В in-
hibitors are rare (Liang et al., 2014). As mentioned in Scheme 1 (Sup-
plementary materials), a couple of diterpenes obtained from different 
genera of the phylum Cindaria displayed either mild or strong effect as 
PTP1В inhibitors, e.g., sarsolilides A and B, 4Z,12Z,14E-sarcophytolide, 
ketoemblide, sarcrassin E, cembrene-C, sarcophytonolide N, and methyl 
sarcotroate B with IC50 values ranged from 5.95 to 27 μM (Liang et al., 
2014, 2013b, 2013a). 

Consequently, we have been motivated to investigate the anti- 
obesity of the methanolic extract of the Red Sea derived soft coral 
S. glaucum on a HCHFD model for obese rats using biochemical and 
histological techniques to verify its hypolipidemic effect, supported by a 
virtual screening protocol including molecular docking (MDock) and 
Structure-Activity Relationships (SARs) of 27 marine diterpenes to 
identify potential PTP1В inhibitors targeting simultaneously the allo-
steric site and catalytic site, as well as fetuin A modulators. For the 
computational studies, the targets PTP1B and fetuin A were selected, as 
the first is one of the most attractive targets for therapeutic intervention 
in the antidiabetic and anti-obesity area and, on the other hand, activity 
against PTP1B from the library of diterpenes studied was reported. The 
choice of the second target, fetuin A, was due to the fact that it appears 
to have a key role in the development of several clinical conditions, such 
as insulin resistance, type 2 diabetes mellitus, metabolic disorders and 
non-alcoholic fatty liver disease. The pharmacokinetic properties, 
druglike nature and medicinal chemistry friendliness were calculated for 
the six most promising predicted marine diterpenes (4, 8, 9, 10, 13 and 
14) using the SwissADME platform. Of these, four marine diterpenes (4, 
8, 9 and 10) were predicted to exhibit the appropriate drug-like 
properties. 

Material and methods 

Biological material 

The examined marine derived soft coral S. glaucum, has been 
collected in July 2015, from the coast of Hurghada, Egypt, at a depth of 
8 m, and transported frozen to the laboratory, and stored at − 20 ◦C, until 
further analysis. 

In vivo examination of the anti-obesity ability of S. glaucum extract 

Experimental animals 
In this investigation, fifty male albino rats weighing between 180 

and 200 g at the start of the trial were taken from the animal house of the 
author’s institution. The rats were kept in separate, hygienic poly-
propylene cages and kept in a temperature-controlled room (22 ± 2 ◦C) 
with a 12-hour light and 12-hour dark cycle. This study used a model 
that more accurately reflected the alterations seen in human obesity by 
feeding the animals a Western-style diet, also known as a high- 
carbohydrate, high-fat (HCHF) diet, as described by (Wilson et al., 
2007), is used here to develop a model that better captures the evolution 
of obesity in humans. The typical diet was cooked in accordance with 
(Reeves, 1997). Before the trial, the animals were given a period of 
fourteen days to become used to the laboratory environment. All pro-
cedures were approved by the Ethics Committee of the National 
Research Centre, Dokki, Cairo, Egypt, with approval number 
(74125062023), and were conducted in accordance with the UK 

M.A. Tammam et al.                                                                                                                                                                                                                           



Current Research in Biotechnology 7 (2024) 100175

4

Animals (Scientific Procedures) Act, 1986 and related guidelines, EU 
Directive 2010/63/EU for animal experiments, and the National 
Research Council’s Guide for the Care and Use of Laboratory Animals. 

Experimental study design (Duration of experiment = 20 weeks) 
Five groups (10 rats each) were randomly selected from a pool of 

fifty male albino rats. Group I (Control group): Normal diets were given 
to healthy rats. Group II (HCHFD group): A high-carbohydrate, high-fat 
diet was administered to the rats. Group III (Soft coral group): The soft 
coral crude extract (20 mg/kg/day) was given orally to healthy rats 
(Abdel-Wahhab et al., 2012). Group IV (HCHFD + Soft coral group): 
Rats were given a high-carb, high-fat diet before receiving oral treat-
ment for eight weeks at a dose of 20 mg/kg of soft coral crude extract. 
Group V (HCHFD + Orlistat group): rats were fed on High carbohydrate 
High Fat Diet and then treated with orlistat at 10 mg/kg/day, orally 
(Zaitone and Essawy, 2012) (8 weeks). 

Collection of samples 
Following the 20-week experimental period, the animals were kept 

fasting for 8 h prior to blood collection. Blood was extracted using 
capillary tubes from the retroorbital venous plexus of the eye while the 
subjects were sedated with formalin, collected in clean tubes, allowed to 
clot, and centrifuged for 10 min at 3000 r.p.m. The serum was isolated 
and kept in an Eppendorf container at − 20 ◦C in order to determine its 
biochemical characteristics. Rats were killed by cervical dislocation 
after blood samples were taken and stored at − 80 ◦C until they were 
employed in gene-expression research. The liver and pancreas were 
preserved in 10 % formalin-phosphate buffered formalin for subsequent 
pathological evaluation. 

Biochemical analysis 
The glucose level in serum was determined using standard com-

mercial colorimetric enzymatic tests (BioMerieux, Marcy l’Etoile, 
France; Roche Diagnostics, Basel, Switzerland) in accordance with the 
procedures of Passing and Bablok (Passing and Bablok, 1983). Using a 
kit from BioSoure INSEASIA Co. (Nivelles, Belgium), the enzyme linked 
immunological sorbent assay described by Yallow and Bawman was 
used to assess the serum insulin level (Yalow and Bauman W. A, 1983). 
Insulin resistance was determined using the subsequent formula: Ac-
cording to Mathews et al., the HOMA-IR formula (homeostatic model 
assessment for insulin resistance) is equal to fasting glucose (mg/dl) ×
fasting insulin (μIU/ml)/405 (Matthews et al., 1985). 

Serum levels of HDL-cholesterol (high density lipoprotein), tri-
glycerides (TG), cholesterol and LDL-cholesterol were measured ac-
cording to the methods mentioned by Kim et al. Cole et al. Lopes Virella 
et al. and Friedewald et al. respectively (Cole et al., 1984; Friedewald 
et al., 1972; Kim et al., 2007; Lopes Virella et al., 1977). 

The levels of serum fetuin A, fetuin B, and PTP1B were analyzed by 
means of an ELISA (enzyme-linked immunosorbent assay) using the 
manufacturers protocols with Catalog Number: LS-F5816-1; E-EL- 
R2451and EK720896 respectively. Serum omentin and adropin levels, 
as reported by De Souza Batista et al. and Topuz et al. were measured 
using ELISA for rats utilizing the manufacturer’s methods (R&D sys-
tems) (De Souza Batista et al., 2007; Topuz et al., 2013). 

Total RNA was isolated from blood samples with the RNase Kit 
(Qiagen, Germany) and the primers listed in Table 1.and estimated gene 

expression levels in accordance with Wilfinger et al. (Wilfinger et al., 
1997). 

The thermal profile consisted of five minutes of initial denaturation 
at 95 ◦C, forty-five cycles of denaturation at 95 ◦C for fifteen seconds, 
annealing (between 56 and 60 ◦C) for thirty seconds, and extension at 
72 ◦C for forty-five seconds. Using SyberGreen Master Mix to measure 
fluorescence, amplified genes were measured. By analyzing melting 
curves, the specificity of the amplification was kept track of. Fold change 
in the expression of mRNA was obtained using the method of Livak and 
Schmittgen, and expression level was determined by QuantStudio 12 K 
Flex real-time PCR, Applied Biosystems, USA, and evaluated using 
Taqman PCR assays and reagents, Applied Biosystems (Livak and 
Schmittgen, 2001). 

For all data, mean ± SEM was used. The normal state test (SPSS 
program, version 26) accustomed to confirming that there was a normal 
distribution in the data. One way analysis of variance (ANOVA) and post 
hoc Bonferroni tests (for experiments involving more than two groups 
and one variable) were used to assess statistical significance. It was 
possible to find Pearson’s correlation coefficient. The significance level 
(P value) for this experiment was set at less than 0.05 (Levesque, 2005). 

Histopathological examination 
Liver and pancreas were excised from experimental group and fol-

lowed by their fixation using a neutral buffered solution of formalin for 
48 h. They were subsequently washed in distilled water and processed 
through graded series of alcohol, cleared in xylene and eventually, 
embedded in paraffin wax. Sections of 5µ thickness were cut; stained 
with haematoxylin and eosin and mounted in DPX. Stained sections 
were examined with light microscope for histopathological disorders. 
Every field underwent an examination and was categorized based on the 
degree of alterations: none (− ), mild (+), moderate (++), and severe 
(+++) damage (Paget and Thomson, 1979). 

Preparation of the screening library 

The optimization of the 3D structure of the 27 marine diterpenes and 
the two positive controls (one catalytic inhibitor of the protein tyrosine 
phosphatase 1B (PTP1В), a dinaphthyl derivative (Szczepankiewicz 
et al., 2003), and one allosteric inhibitor of the PTP1В, a sulphonamide 
benzbromarone derivative (Wiesmann et al., 2004), was performed with 
the Gaussian 09 program (Frisch et al., 2010) using the hybrid method 
B3LYP and the base set 6-31G(d,p) (Becke, 1993a, 1993b). The software 
program OpenBabel (version 2.3.1) (O’Boyle et al., 2011) was used to 
convert the SDF files to MOL2 and PDBQT files. 

Preparation of the protein structures and molecular docking (MDock) 

The 3D X-ray crystal structures of human PTP1В enzyme catalytic 
site and allosteric site complex with an inhibitor (dinaphthyl and sul-
phonamide benzbromarone derivatives, respectively) were retrieved 
from Protein Data Bank, PDB IDs: 1NNY and 1 T49, respectively. A 
comprehensive homology model of fetuin A (Jumper et al., 2021; 
Rudloff et al., 2022; Varadi et al., 2022) obtained from the crystal 
structure of the related protein fetuin B (Cuppari et al., 2019) and 
generated by AlphaFold2 (https://alphafold.ebi.ac.uk/entry/T1RTK5) 
was extracted to molecular docking assays. PDBQT files were used for 
docking to human PTP1В enzyme catalytic site (PDB ID: 1NNY) and 
allosteric site (PDB ID: 1 T49), as well as fetuin A (AlphaFold Protein 
Structure Database (PSD) ID: T1RTK5) with AutoDock Vina (version 
1.1) (Trott and Olson, 2010). Water molecules, ions and ligands were 
removed from 1NNY and 1 T49 prior to docking using the Auto-
DockTools (https://mgltools.scripps.edu/). The coordinates of the 
search space for PTP1В enzymes (1NNY and 1 T49) were maximized to 
allow the entire macromolecule to be considered for docking, respec-
tively. The search space coordinates were for 1NYY; Centre X: 27.553 Y: 
28.391 Z: 22.074, for 1 T49; Centre X: 56.642 Y: 30.859 Z: 20.526, and 

Table 1 
Primer sequence of β-actin, UCP1 and PPARGC1A genes.  

Target Sequence 

β-actin F: 5′-AGGGAAATCGTGCGTGACAT-3′ 
R: 5′-GAACCGCTCATTGCCGATAG-3′ 

UCP1 F: 5′-GTGAAGGTCAGAATGCAAGC-3′ 
R: 5′-AGGGCCCCCTTCATGAGGTC-3′ 

PPARGC1A F: 5′-GCT TGA CTG GCG TCA TTC A-3′ 
R: 5′-ACA GAG TCT TGG CTG CAC ATG T-3′  
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for TIRTK5; Centre X: 1.270 Y: 4.139 Z: 3.694; Dimensions X: 50.000 Y: 
50.000 Z: 50.000. Ligand tethering of the PTP1В enzymes and fetuin A 
protein was performed by regulating the genetic algorithm (GA) pa-
rameters, using 10 runs of the GA criteria. The docking binding poses 
were visualized with PyMOL Molecular Graphics System, Version 2.0 
Schrödinger, LLC, UCSF Chimera (Pettersen et al., 2004), and LigPlot+

v.2.2.5 (Wallace et al., 1995). 

Identification of diterpene library 

A library of 27 marine diterpene metabolites (1–27) were previously 
described from soft corals, Sarcophyton solidum, Sarcophyton trochelio-
phorum, Sarcophyta elegans, Sarcophyton glaucum and Sinularia scabra 
(Fig. 2, Scheme S1). 

Fig. 2. Examined marine diterpenes 1–27.  

M.A. Tammam et al.                                                                                                                                                                                                                           



Current Research in Biotechnology 7 (2024) 100175

6

Physicochemical properties, pharmacokinetic and toxicity profiles, in-silico 
prediction 

Pharmacokinetic properties, druglike nature and medicinal chemis-
try friendliness of the six most promising marine diterpenes predicted by 
MDock and SAR analysis (4, 8, 9, 10, 13 and 14) and the positive 
controls (dinaphthyl and sulphonamide benzbromarone derivative) 
were calculated using the SwissADME platform (https://www.swiss 
adme.ch/, accessed on 18 August 2023) (Daina et al., 2017). 

Results and discussion 

In vivo examination of the anti-obesity ability of S. glaucum extract 

The increasing rates of obesity and metabolic syndrome (MS) were 
mostly brought on by sedentary lifestyles and overeating. Nonetheless, 
several variables, such as insulin resistance, central obesity, infections, 
oxidative stress, and genetic predisposition, have contributed to MS’s 
association with obesity. Because multiple sclerosis (MS) affects the 
entire endocrine system, it can induce anomalies in the body’s systems 
(Gustafsson and Unwin, 2013). 

There exist multiple biochemical and genetic variables that may be 
linked to obesity. Fetuin A and fetuin B are involved in several physio-
logical processes, such as the control of inflammation and insulin 
resistance (Ramírez-Vélez et al., 2019; Wang et al., 2022). Additionally, 
PTP1B is an enzyme, has a negative regulatory effect on insulin signal-
ling, it influences how glucose metabolism and insulin resistance are 
regulated (Liu et al., 2022). Furthermore, while the peptide hormone 
adropin has been linked to the control of metabolic and energy ho-
meostasis processes (Zhang and Chen, 2022), adipose tissue secretes a 
protein called omentin, an adipokine, which possesses anti- 
inflammatory and insulin-sensitizing qualities (Badawy et al., 2020). 

Indeed, the results in (Table 2) reflected a significant increase (P <
0.05) in fasting blood sugar and HOMA-IR as well as a significant 
decrease (P < 0.05) in insulin level in HCHFD group when compared 
with control group. While the results showed that fasting blood sugar 
and HOMA-IR were significant decreased (P < 0.05) along with signif-
icant elevation (P < 0.05) of insulin level in all treated groups compared 
to the HCHFD group. Additionally, no significant difference was found 
between the Soft coral group when compared with control group; 
however, a remarkably large variation was detected between the 
HCHFD + Soft coral-treated group and Orlistat treated group. Our result 
reflects that the group received HCHFD + Soft coral showed impressive 
results in improvement glucose, insulin, and HOMA-IR. 

According to our findings which is consistent with previous findings 

(Badawy et al., 2020), explained that in obese rats, excess adipose tissue 
contributes to elevated levels of pro-inflammatory cytokines and circu-
lating free fatty acids. These factors can impair glucose uptake and 
utilization in peripheral tissues, resulting in elevated blood glucose 
levels and an imbalance between insulin production and insulin sensi-
tivity. Hyperinsulinemia produces more insulin than usual to compen-
sate for decreased insulin sensitivity. However, pancreatic beta cells can 
become exhausted and insulin production can decrease over time. This is 
because adipose tissue produces higher levels of inflammatory cyto-
kines, which can interfere with insulin signalling pathways, impairing 
insulin-stimulated glucose uptake and utilization in target tissues. 
Multiple variables can contribute to obesity-induced insulin resistance 
in rats. Chronic low-grade inflammation, altered adipokine secretion 
from adipose tissue, increased adipose tissue release of free fatty acids, 
and dysregulated signalling pathways involved in glucose metabolism 
are all examples (Li et al., 2022). 

Additionally, the data in (Table 3) showed that there was a signifi-
cant increase (P < 0.05) in cholesterol, triglyceride, LDL-Cholesterol, 
and significant decrease (P < 0.05) HDL-Cholesterol in HCHFD group 
when compare with control group. Also, our data showed significant 
decrease (P < 0.05) in cholesterol, triglyceride, LDL-Cholesterol and 
significant increase (P < 0.05) HDL-Cholesterol in all treated groups 
when compare with HCHFD group. Additionally, no significant differ-
ence was found between the Soft coral group and control groups; how-
ever, a remarkably large variation was detected. between the HCHFD +
Soft coral-treated group and the group treated with orlistat. The groups 
received Orlistat after induction of obesity showed improved in lipids 
profile while the group which received the extract of the soft coral after 
induction of obesity show remarkable progress in lipids profile. 

In fact, in obesity, there is an increased release of free fatty acids 
(FFAs) from adipose tissue due to enhanced lipolysis. These FFAs are 
taken up by the liver, where they are converted into triglycerides. The 
increased availability of FFAs and the upregulation of hepatic lipid 
synthesis contribute to elevated circulating triglyceride levels in obese 
rats. Additionally, insulin resistance, a common feature of obesity, im-
pairs the ability of insulin to suppress lipolysis in adipose tissue. This 
further promotes the release of FFAs into the bloodstream, leading to 
increased triglyceride synthesis in the liver (Jung and Choi, 2014). 

Furthermore, very low-density lipoprotein (VLDL) particles are made 
up of cholesterol, triglycerides, and certain apolipoproteins in the liver. 
They deliver the fats to the muscle and adipose tissue in the circulation 
so they can be produced and stored as energy. Triglyceride extraction 
from low-density lipoprotein (VLDL) eventually transforms the particle 
into low-density lipoprotein (LDL), which is primarily ApoB-100 and 
high in free and esterified cholesterol. In addition to carrying cholesterol 

Table 2 
Fasting glucose, insulin, and HOMA-IR in the examined groups.   

Control HCHFD Soft coral HCHFD + Soft coral HCHFD + Orlistat 

Glucose (mg/dl) 84.79 ± 0.9 178.87 ± 2.81 a 89.42 ± 0.89b 111.98 ± 2.8 ab 139.55 ± 1.16 abc 

Insulin (μІU/ml) 14.47 ± 0.23 11.47 ± 0.08 a 13.76 ± 0.36b 12.97 ± 0.15 ab 11.02 ± 0.15 abc 

HOMA-IR 3.03 ± 0.06 5.06 ± 0.07 a 3.04 ± 0.10b 3.59 ± 0.11 ab 3.79 ± 0.07 ab 

Values are expressed as mean ± standard error (SE), n = 10 rats, in each group, a, b, and c significant at P < 0.05, when compared with control, HCHFD, and HCHFD +
Soft coral, HCHFD, respectively. 

Table 3 
Lipids profile of the examined groups.   

Control HCHFD Soft coral HCHFD + Soft coral HCHFD + Orlistat 

Cholesterol (mg/dl) 90.72 ± 1.53 164.3 ± 2.2 a 88.93 ± 1.2b 113.45 ± 1.73 ab 140.07 ± 1.2 abc 

Triglyceride (mg/dl) 70.53 ± 0.38 167.07 ± 1.52 a 73.39 ± 0.95b 92.87 ± 0.54 ab 112.64 ± 0.65 abc 

HDL (mg/dl) 57.31 ± 0.37 24.27 ± 0.33 a 59.45 ± 0.23 ab 47.97 ± 0.30 ab 41.23 ± 0.30 abc 

LDL (mg/dl) 61.95 ± 0.80 116.62 ± 2.15 a 66.61 ± 0.37b 76.31 ± 1.48 ab 96.91 ± 1.69 abc 

Values are expressed as mean ± SE, n = 10 rats, in each group, a, b, and c, significant at P < 0.05, when compared with control, HCHFD, and HCHFD + Soft coral, 
respectively. 
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to the periphery, LDL also collects in the arterial wall beneath defective 
endothelium, together with VLDL and chylomicron remnant particles. A 
crucial initial stage in the development of atherosclerotic lesions is 
endothelial dysfunction, which results in a weakened endothelium 
barrier and produces pro-inflammatory cytokines, chemokines, and 
reactive oxygen species (ROS) in addition to pro-inflammatory leuko-
cyte adhesion, recruitment, and subendothelial transmigration (Soppert 
et al., 2020). 

Also, HDL cholesterol often referred to as “good cholesterol,” plays a 
protective role in cardiovascular health through cholesterol trans-
portation from peripheral tissues back to the liver for excretion. In obese 
rats, HDL cholesterol levels are often decreased due to altered lipopro-
tein metabolism, reduced adipokine secretion and increase inflamma-
tion and oxidative stress (Weber and Noels, 2011). 

Eventually, these mechanisms collectively contribute to the altered 
lipid profile observed in obese rats, characterized by increased circu-
lating levels of triglycerides, total cholesterol, and LDL-C, as well as 
decreased HDL-Cholesterol levels in HCHFD group when compared with 
control group as showed in Table 3. These lipid profile changes are 
associated with an increased risk of cardiovascular diseases, including 
atherosclerosis and coronary artery disease. Lipid profile showed sig-
nificant improvement after treatment but the result of soft coral out-
performed orlistat by far. 

In addition, there was a statistically significant rise (P < 0.05), as 
seen in (Table 4) in fetuin A, fetuin B, PTP1В and significant decrease (P 
< 0.05) of adropin and omentin in HCHFD group when compare with 
control group. Also, our data showed significant decrease (P < 0.05) in 
fetuin A, fetuin B, PTP1В and significant increase (P < 0.05) adropin and 
omentin in all treated groups when compare with HCHFD group. 
Additionally, no significant difference was found between the Soft coral 
group and control groups; however, very discernible differences were 
found between the HCHFD + Soft coral-treated group and orlistat 
treated group. The groups received Orlistat after induction of obesity 
showed improved in this marker while the group which received Soft 
coral after induction of obesity show remarkable progress. 

Actually, fetuin A and fetuin B are two similar proteins examined in 
the context of obesity and metabolic disorders. While fetuin A has 
received more attention, research on the exact mechanisms of fetuin B in 
obese mice remains restricted. In obesity, fetuin A has been linked to 
insulin resistance and metabolic dysfunction development. Impairment 
of insulin signalling: fetuin A could disrupt the receptor signalling of 
insulin in peripheral tissues like adipose tissue and skeletal muscle. This 
reduces insulin sensitivity and contributes to insulin resistance, which is 
a defining feature of obesity. It has also been linked to persistent low- 
grade inflammation and has been proven to stimulate this inflamma-
tory response. It can cause adipose tissue and other cells to generate pro- 
inflammatory cytokines. This inflammation aggravates insulin resis-
tance and metabolic dysfunction even more (Poloczek et al., 2021). 
Indeed, fetuin A has been shown to inhibit triglyceride breakdown and 
promote fatty acid synthesis in the liver, resulting in hepatic triglyceride 
accumulation and the development of non-alcoholic fatty liver disease 
(NAFLD). It can also contribute to adipose tissue dysfunction, including 
impaired adipogenesis and adipocyte inflammation (Stygar et al., 2018). 

Additionally, fetuin B is a protein that is linked to fetuin A, but its 
exact role and processes in obesity remain unknown. According to 
preliminary study, fetuin B may play a role in lipid metabolism and 
homeostasis. It is thought to affect fatty acid intake and storage in adi-
pose tissue as well as hepatic lipid metabolism. It has also been proposed 
that fetuin B is involved in energy regulation balance and body weight. 
Although the specific mechanisms are not well understood, it has been 
postulated that fetuin B may influence food intake, energy expenditure, 
or both (Poloczek et al., 2021). 

In fact, obesity is often associated with insulin resistance, a condition 
in which cells become less responsive to insulin, leading to impaired 
glucose metabolism. PTP1В is known to negatively regulate insulin 
signalling by dephosphorylating key components of the insulin receptor 
signalling pathway. By dephosphorylating these components, PTP1В 
reduces insulin sensitivity and contributes to insulin resistance. Several 
studies have reported increased PTP1В expression and activity in 
various tissues of obese rats, including adipose tissue, liver, and skeletal 
muscle. The upregulation of PTP1В in these tissues is believed to 
contribute to the development and maintenance of insulin resistance in 
obesity (Sohail et al., 2022). 

Furthermore, adropin protected against obesity-associated hyper-
insulinemia and hepatosteatosis by regulating the lipid and glucose 
metabolism. The mechanism underlying adropin’s favourable effects on 
endothelial function has been proposed: serum adropin boosted nitric 
oxide generation and bioavailability, hence improving arterial stiffness 
(Badawy et al., 2020), this study revealed that adropin level was 
decreased in HCHF group significantly compared to the control. After, 
treatment its level was significantly increased but the group received 
soft coral extract showed results more butter than orlistat (Table 4). 

Additionally, omentin plays a major role in many pathophysiological 
processes, including the control of vascular endothelial function, 
obesity, insulin resistance, inflammatory response, and atherogenesis 
(Badawy et al., 2020). Omentin levels have been found to be lower in 
insulin-resistant and pro-inflammatory situations (obesity and types I 
and II of diabetes mellitus), according to Zengi et al., (Zengi et al., 2019). 
When comparing the HCHFD group to the control group, the data in 
(Table 4) demonstrated a substantial drop in omentin. Moreover, there 
was a noteworthy rise in every treated group as compared to the HCHFD 
group. 

Furthermore, omentin has been demonstrated to increase insulin 
sensitivity in skeletal muscle, liver, and adipose tissue. It improves in-
sulin signalling by activating the pathway of insulin receptor substrate-1 
(IRS-1)/PI3K/Akt. This increases glucose absorption and utilization in 
peripheral tissues, improving glucose homeostasis and decreasing in-
sulin resistance. It also has anti-inflammatory qualities by inhibiting the 
generation of pro-inflammatory cytokines and helps to regulate lipid 
metabolism in obese rats. Omentin has been shown to affect lipid ab-
sorption, storage, and utilization in adipose and peripheral tissues. Also, 
omentin may increase lipolysis, or the breakdown of stored tri-
glycerides, while inhibiting adipogenesis, or the development of new fat 
cells (Tan et al., 2008). 

Additionally, omentin has been linked to the regulation of endo-
thelial function, which is critical for vascular health. It increases nitric 

Table 4 
Serum levels of fetuin A, fetuin B, PTP1B, adropin and omentin in different examined groups.   

Control HCHFD Soft coral HCHFD + Soft coral HCHFD + Orlistat 

Fetuin A 33.01 ± 0.72 75.70 ± 0.82 a 30.83 ± 0.31b 44.87 ± 0.26 ab 53.32 ± 0.53 abc 

Fetuin B 80.40 ± 1.10 138.84 ± 1.71 a 74.17 ± 0.92 ab 90.00 ± 1.01 ab 118.62 ± 1.17 abc 

PTP1B (ng/mL) 0.53 ± 0.02 3.59 ± 0.09 a 0.50 ± 0.02b 1.76 ± 0.02 ab 2.83 ± 0.07 abc 

Adropin (ng/ml) 854.80 ± 6.76 623.40 ± 1.85 a 900.30 ± 2.00b 722.70 ± 4.63b 655.5 ± 4.07 ac 

Omentin (pg/ml) 17.54 ± 0.19 5.38 ± 0.12 a 18.65 ± 0.16b 14.22 ± 0.47 ab 10.46 ± 0.24 abc 

Values are expressed as mean ± SE, n = 10 rats, in each group, a, b, and c, significant at P < 0.05, when compared with control, HCHFD, and HCHFD + Soft coral, 
respectively. 
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oxide (NO) generation, a vasodilator that enhances blood flow and 
endothelial function. Omentin may help attenuate the cardiovascular 
problems associated with obesity by increasing NO production and 
decreasing endothelial dysfunction. While, it has been proposed that it 
influences energy expenditure and thermogenesis, or the creation of 
heat by adipose tissue. It may improve mitochondrial activity and boost 
the expression of energy-related genes such as uncoupling protein 1 
(UCP1). These changes could potentially help regulate body weight and 
metabolic rate in obese rats (Hayashi et al., 2019). In addition, as shown 
in (Table 5), there was a statistically significant drop (P > 0.05) in UCP1 
and PPARGC1A genes fold change expression in HCHFD group when 
compare with control group. The group which received orlistat after 
induction of obesity showed improvement in results while the group 
received soft coral showed promising result. 

Indeed, Reduced expression of the UCP1 (Uncoupling Protein 1) 
gene, which is largely expressed in brown adipose tissue (BAT), may 
have several dangers or adverse effects. Therefore, UCP1 is essential for 
thermogenesis and energy expenditure, and altering its expression can 
affect metabolic control (Schirinzi et al., 2023). As illustrated, in 
Table 5, a significant decrease in UCP1 expression in the HCHFD group 
compared to the control group can impede thermogenesis in brown 
adipose tissue, potentially lowering the ability to generate heat in 
response to cold exposure or diet-induced thermogenesis, UCP1 oversees 
decoupling mitochondrial respiration from ATP production, which re-
sults in heat generation rather than energy storage. Furthermore, 
because UCP1-mediated thermogenesis contributes to overall energy 
expenditure, decreasing UCP1 expression may result in decreased en-
ergy expenditure, potentially leading to a reduced metabolic rate and an 
increased susceptibility to weight gain or obesity. Also Reduced UCP1 
expression may have an impact on lipid utilization and storage in BAT, 
potentially resulting in dysregulation of lipid metabolism and abnor-
malities in circulating lipid profiles. Activation of UCP1 has been linked 
to improved glucose homeostasis, including greater glucose absorption 
and insulin sensitivity. Reduced UCP1 expression may impair glucose 
metabolism, potentially leading to decreased glucose tolerance and in-
sulin resistance. Moreover, lower UCP1 levels may result in less energy 
dissipation, more energy storage, and a tendency for weight gain and 
obesity. Eventually, reduced UCP1 expression may trigger compensa-
tory mechanisms in other tissues or metabolic pathways, altering the 
overall metabolic balance and causing unforeseen effects (Maliszewska 
and Kretowski, 2021). 

Additionally, as compared to the control group, our results demon-
strated a substantial decrease in PPARGC1A in the HCHFD group, and 
following treatment, its level improved (Table 5). PPARGC1A regulates 

various critical processes in human bodies, including energy metabolism 
and adaptive thermogenesis, as well as mitochondrial biogenesis and 
function. A lack of PPARGC1A may impair mitochondrial function, 
leading to decreased energy metabolism and increased oxidative stress. 
It regulates the expression of genes involved in gluconeogenesis, fatty 
acid oxidation, and lipogenesis, in addition to its role in glucose and 
lipid metabolism; and so, reducing its levels may interfere with glucose 
and lipid metabolism, resulting in insulin resistance and dyslipidaemia. 
Furthermore, because it is involved in the control of adaptive thermo-
genesis, such as the browning of white adipose tissue (WAT) and acti-
vation of brown adipose tissue (BAT), lowering its level may limit 
thermogenesis, resulting in decreased energy expenditure and increased 
obesity. It has also been shown to have anti-inflammatory capabilities, 
and a lack of it is linked to increased inflammation in a range of meta-
bolic tissues. so PPARGC1A expression or activity levels that are low 
may contribute to the development and progression of metabolic dis-
orders. Finally, because PPARGC1A interacts with a variety of tran-
scription factors and signalling pathways involved in energy metabolism 
and cellular homeostasis, it is possible that it has off-target effects 
(Huang et al., 2023). 

The histological results (Table 6 and Fig. 3) corroborated our 
biochemical findings. The control group’s pancreatic sections displayed 
normal islets of Langerhans (Islets) with pale, rounded, and ovoid cells 
in the centre, embedded in the pancreatic exocrine region (Fig. 3A). 
Examining the pancreas section from the HCHFD group revealed that the 
endocrine and exocrine glands were disorganised, and the islets of 
Langerhans (Islet) had shrunk. It was also evident that the exocrine 
acini’s vacuolation, degeneration, and fatty changes had caused a slight 
dilatation of the ductal tissue, and that there had been mild inflamma-
tory cell infiltration. (Fig. 3B). Furthermore, analysis of pancreatic sec-
tions of the group treated with the soft coral, revealed an almost typical 
islet organisation with centrally located cells and exocrine acini 
(Fig. 3C). The islets of Langerhans in the pancreatic sections of the soft 
coral group and HCHFD were determined to be almost normal. While 
some pancreatic acini are almost normal, others (arrowhead) are still 
degenerating. There is an invasion of moderately inflammatory cells 
within certain blocked blood vessels (Fig. 3D). Improvements in 
pancreatic tissue structure were observed in the inspection section for 
the HCHFD and Orlistat groups. This was demonstrated by the restora-
tion of normal pancreatic architecture, pancreatic islets size (Islet), with 

Table 6 
Semi-quantitative recording of architectural disfunction on histopathological 
examination of the pancreas of different examined groups.   

Control HCHFD Soft 
coral 

HCHFD +
Soft coral 

HCHFD +
Orlistat 

Shrinkage of islets 
of Langerhans 

– ++ – – +

Degeneration and 
necrosis 

– ++ – + +

Vacuolation – ++ – – – 
Pyknotic nuclei – ++ – + +

Fatty changes – +++ + – – 

Histological grading was made according to four severity grades: − (none); +
(mild); ++ (moderate) and +++ (severe). 

Table 5 
mRNA fold change for the expression of UCP1 and PPARGC1A genes by RT- 
qPCR in different examined groups.   

Control HCHFD Soft coral HCHFD + Soft 
coral 

HCHFD +
Orlistat 

UCP1 1.00 ±
0.00 

0.40 ±
0.01 a 

1.29 ±
0.08 ab 

6.37 ± 0.09 ab 5.27 ± 0.06 
abc 

PPARGC1A 1.00 ±
0.00 

0.33 ±
0.01 a 

1.52 ±
0.07 ab 

5.69 ± 0.05 ab 4.55 ± 0.06 
abc 

Values are expressed as mean ± SE, n = 10 rats, in each group, a, b, and c, 
significant at P < 0.05, when compared with control, HCHFD, and HCHFD + Soft 
coral, respectively. 
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few pyknotic nuclei and virtually normal exocrine acini, while other still 
degenerated. A few blood vessels are obstructed (Fig. 3E). 

Table 7 and, Fig. 4, showed the results of the histopathological ex-
amination of livers of the different examined groups. The liver slices 
from the control group had hepatocytes organised in cords that extended 
from the central veins, with spherical vesicles containing blood 

sinusoids in their nuclei (Fig. 4A). The hepatic tissues of the HCHFD 
group were subjected to histological examination, which revealed ne-
crosis, fatty cells, degenerative alterations close to the central vein, 
mononuclear cell infiltration, focal mononuclear cell infiltration with 
pyknotic nuclei, and modest Kupffer cell activation (Fig. 4B). 
Conversely, soft coral group, showed nearly normal morphology along 
with very low activation of Kupffer cells (Fig. 4C). Liver tissue sections 
from the HCHFD and soft coral groups showed essentially normal 
structure with a few fatty cells with pyknotic nuclei, slightly dilated 
blood sinusoids, and mildly worsening changes around the major vein 
(Fig. 4D). Furthermore, a portion of liver tissue from the HCHFD and 
Orlistat groups showed primarily normal structure with a few fatty cells 
with pyknotic nuclei, moderately stimulated Kupffer cells, and slightly 
dilated blood sinusoids (Fig. 4E). 

Molecular docking (MDock), binding energies studies and Structure- 
Activity Relationships (SARs) analysis 

Molecular docking was applied to elucidate the binding action of 27 
marine diterpene derivatives against human PTP1В enzyme catalytic 
(PDB ID: 1NNY) and allosteric (PDB ID: 1 T49) sites and fetuin A 
(AlphaFold PSD ID: T1RTK5) for the treatment of type2 diabetes and 
obesity. The marine diterpene dataset comprises: 2 tetracyclic 

Fig. 3. A photomicrograph of rat pancreas (A) control group, (B) HCHFD group, (C) soft coral group, (D) HCHFD + soft coral group and (E) HCHFD + Orlistat group.  

Table 7 
Semi-quantitative recording of architectural disfunction on histopathological 
examination of the liver of different examined groups.   

Control HCHFD Soft 
coral 

HCHFD +
Soft coral 

HCHFD +
Orlistat 

Hepatic necrosis – ++ – + +

Inflammatory 
infiltration 

– ++ – – – 

Congestion and 
dilatation of 
sinusoids 

– ++ – – +

Pyknotic nuclei – ++ – + +

Fatty changes – +++ + + – 

Four severity scores were used for histological grading: − (none); + (mild); ++

(moderate); and +++ (severe). 
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diterpenes with core IX (25 and 26), 7 tricyclic diterpenes with cores I- 
II-X (1–6 and 27), 12 bicyclic diterpenes with cores III-IV-VI-VII (7–12 
and 18–23), and 6 monocyclic diterpenes with cores V-VIII (13–17 and 
24), Scheme 1. In Table 8, the results of molecular docking using the 
AutoDock Vina software on PTP1В enzyme (catalytic and allosteric 
sites) and fetuin A were represented. 

As shown in Fig. 5 the best-docked poses for the positive controls, 
dinaphthyl and sulphonamide benzbromarone derivatives, were shown 
on PTP1В enzyme catalytic and allosteric sites. 

Fig. 5, shows the catalytic and allosteric sites of PTP1В, which are 
defined by residues Cys215 and Leu192-Phe280-Glu276, respectively 
(Liu et al., 2022; Sharma et al., 2020; Yang et al., 2021). Besides this 
catalytic site (named as A), there are three additional secondary aryl 
phosphorylation binding sites that were identified and named as B, C, 
and D sites (Liu et al., 2022). The B site is a specific lipophilic and in-
volves mainly residues Tyr20, Arg24, Ala27, Phe52 Arg254 and Met258 
- Gly259 (Liu et al., 2022). The C and D sites are charged region and are 
mainly formed by residues Tyr46-Arg47-Asp48 and Tyr46-Glu115- 
Lys120-Asp181-Ser216, respectively (Liu et al., 2022). According to 
the extended four-site-based binding mode (Fig. 5A), the PTP1В in-
hibitors (dinaphthyl and sulphonamide benzbromarone derivatives) can 
be divided into two different types, ADC (binding to A, D, and C sites) 
and AD (binding to A and D sites), respectively. Fig. 5A (left side) and 

Fig. S3 (Supplementary Material) show a clear interaction between the 
residue of A site (Cys215), the residues of D site (Tyr46-Lys120-Ser216) 
and the residues of C site (Tyr46-Asp48) of PTP1В with dinaphthyl de-
rivative. The hydrophobic interactions of the terminal naphthyl ring in 
dinaphthyl derivative with residues Cys215 and Ser216 of the PTP1В 
enzyme appear to be very relevant, Fig. 5A and Fig. S3. The other 
naphthyl moiety and the acetamide substitute of the dinaphthyl deriv-
ative appear to participate in hydrophobic interactions with residue 
Tyr46 and Asp48, respectively (Fig. 5A, left side). On the other hand, the 
oxygen atoms on the N-phenylbenzene sulphonamide group of the sul-
phonamide benzbromarone derivative appears to participate in hydro-
phobic interactions with residues Cys215, Lys120 and Ser216, see 
Fig. 5A (right side) and Fig. S4 (Supplementary Material). The hydro-
phobic interactions of the ethyl substituent on benzofuran ring in sul-
phonamide benzbromarone derivative with residue Asp181 of the 
PTP1В enzyme appear to be also relevant, Fig. 5A and Fig S4. 

Fig. 5B shows a clear interaction between the residues Leu192- 
Phe280-Glu276 of the allosteric site with dinaphthyl (left side) and 
sulphonamide benzbromarone (right side) derivatives. The hydrophobic 
interactions of the terminal naphthyl ring, the methyl group on the 
acetamide group and the phenyl ring in dinaphthyl derivative with 
residues Leu192, Phe280 and Glu276 of the PTP1В enzyme, respec-
tively, appear to be very relevant, Fig. 5B and Fig. S5. Likewise, the 

Fig. 4. A photomicrograph of rat liver (A) control group, (B) HCHFD group, (C) soft coral group, (D) HCHFD + soft coral group and (E) HCHFD + Orlistat group.  
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oxygen atom of the ketone group, the oxygen atom in the benzofuran 
ring, and the phenyl ring in the benzene sulphonamide moiety of the 
sulphonamide derivative benzbromarone appear to participate in hy-
drophobic interactions with residues Leu192, Phe280, and Glu276, 
respectively, see Fig. 5B (right side) and Fig. S6 (Supplementary 
Material). 

As shown in Table 7 and Scheme 1, all the marine diterpene de-
rivatives selected to be the most promising PTP1В inhibitors are from 
cores II (4), III (8,9 and 10) and V (13 and 14). Of these, only two de-
rivatives are simultaneously the most promise catalytic and allosteric 
site inhibitors, derivatives (4) and (8). The two diterpenes, (4) and (8), 
from cores II and III, respectively, present an α,β-unsaturated ε-capro-
lactone fused to a cyclic system, Scheme S1. 

The marine diterpenes with the lowest ΔGB calculated for the cata-
lytic and allosteric site, i.e., the most promising derivatives, are 4 and 8 
with values of − 7.5 and − 7.4 kcal/mol for the catalytic site and − 7.4 
and − 7.0 kcal/mol for the allosteric site, respectively (Table 8). Also, it 
worth mentions that the positive control (dinaphthyl and sulphonamide 
benzbromarone derivatives), known as catalytic and allosteric in-
hibitors, respectively, have a ΔGB values calculated of − 7.1 and − 7.6 
kcal/mol for the catalytic site and − 8.2 and − 8.7 for the allosteric site, 

respectively (Table 8). On the contrary, the diterpene derivatives with 
the highest ΔGB calculated for the allosteric site, i.e., the least promising 
derivatives, were (1–3), and (18–24) with values between − 5.5 kcal/ 
mol and − 5.96 kcal/mol (Table 8). Interestingly, all the diterpene de-
rivatives proposed as more promising have an α,β-unsaturated ε-capro-
lactone ring and, on the other hand, none of the diterpene derivatives 
predicted to be less active have this moiety. But on the other hand, 
almost all derivatives predicted to be less promising have a cyclic ether 
in their structure, e.g., derivatives (1–3) have a fused tetrahydroox-
epinone ring and derivatives (18–23) have an epoxide ring. 

As shown in Fig. 6, the interaction profiles of the best-docked poses 
for the marine diterpene (4) and (8) with catalytic and allosteric site of 
PTP1В enzyme were represented. 

According to the catalytic binding mode based on four extended sites 
(A-D), the two selected diterpene derivatives (4 and 8) can be classified 
as being of the ADC type (binding to sites A, D and C). Fig. 6A (left and 
right sides) show a clear interaction between the residue of A site 
(Arg221), the residues of D site (Tyr46-Lys120-Ser216) and the residues 
of C site (Tyr46) of PTP1В with diterpenes (4) and (8). As verified with 
the positive controls, dinaphthyl and sulphonamide benzbromarone 
derivatives (Fig. 5B), in the case of the two diterpene derivatives 

Table 8 
Calculated free binding energies (ΔGB, in kcal/mol) of the investigated 27 marine diterpenes and the positive controls (a 
dinaphthyl and a sulphonamide benzbromarone derivatives) against PTP1В (catalytic and allosteric sites) and fetuin A.  

Marine diterpenes PTP1В ΔGB
b,c, in kcal/mol Fetuin A ΔGB

b,c, in kcal/mol 

Catalytic site Allosteric site 

1 − 6.90 ± 0.00 − 5.66 ± 0.05 − 5.93 ± 0.24 
2 − 7.06 ± 0.05 − 5.88 ± 0.07 − 5.85 ± 0.25 
3 − 6.70 ± 0.09 − 5.50 ± 0.09 − 5.40 ± 0.10 
4 ¡7.50 ± 0.00d ¡7.40 ± 0.00 d − 5.75 ± 0.05 
5 − 7.08 ± 0.04 − 6.20 ± 0.00 − 5.70 ± 0.00 
6 − 7.10 ± 0.00 − 6.10 ± 0.00 − 5.60 ± 0.00 
7 − 7.10 ± 0.00 − 6.70 ± 0.00 − 5.55 ± 0.15 
8 ¡7.40 ± 0.00 d ¡7.00 ± 0.00 d − 5.70 ± 0.00 
9 ¡7.30 ± 0.00 d − 6.88 ± 0.04 − 5.70 ± 0.10 
10 ¡7.28 ± 0.04 d − 6.88 ± 0.04 − 5.75 ± 0.05 
11 − 7.00 ± 0.00 − 6.50 ± 0.13 − 6.05 ± 0.05 
12 − 6.60 ± 0.00 − 5.94 ± 0.12 − 6.00 ± 0.20 
13 ¡7.20 ± 0.00 d − 6.40 ± 0.00 − 5.55 ± 0.05 
14 ¡7.24 ± 0.05 d − 6.46 ± 0.28 − 5.10 ± 0.00 
15 − 6.40 ± 0.00 − 6.12 ± 0.04 − 5.65 ± 0.05 
16 − 6.56 ± 0.05 − 6.34 ± 0.05 − 5.50 ± 0.10 
17 − 6.88 ± 0.12 − 6.00 ± 0.00 − 5.30 ± 0.00 
18 − 6.32 ± 0.04 − 5.84 ± 0.05 − 5.30 ± 0.00 
19 − 6.30 ± 0.00 − 5.96 ± 0.05 − 5.30 ± 0.00 
20 − 6.80 ± 0.11 − 5.96 ± 0.05 − 5.45 ± 0.05 
21 − 6.34 ± 0.05 − 5.80 ± 0.13 − 5.50 ± 0.00 
22 − 6.08 ± 0.04 − 5.90 ± 0.00 − 5.40 ± 0.20 
23 − 6.62 ± 0.10 − 5.50 ± 0.00 − 5.30 ± 0.00 
24 − 6.06 ± 0.05 − 5.70 ± 0.00 − 5.40 ± 0.20 
25 − 6.90 ± 0.00 − 6.52 ± 0.04 − 5.50 ± 0.00 
26 − 7.10 ± 0.09 − 6.30 ± 0.00 − 5.80 ± 0.00 
27 − 6.70 ± 0.00 − 6.38 ± 0.04 − 5.25 ± 0.05 
Dinaphthyl derivativea − 7.10 ± 0.09 − 8.20 ± 0.28 − 5.45 ± 0.15 
Sulphonamide benzbromarone derivativea − 7.58 ± 0.11 − 8.66 ± 0.05 − 6.80 ± 0.30  

a Positive control. b Average of five molecular docking replicates. c Standard deviation value verified between the 
molecular docking replicates for each ligand docked. d The diterpenes selected (highlighted in bold blue) have a 
calculated ΔGB < -7.10 kcal/mol and − 6.90 kcal/mol for PTP1В enzyme catalytic and allosteric sites, respectively. 
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Fig. 5. Interaction profiles of the best-docked poses for the dinaphthyl and sulphonamide benzbromarone derivatives on A) catalytic site and B) allosteric site of 
PTP1В enzyme. 
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Fig. 6. Interaction profiles of the best-docked poses for the diterpene derivatives (4) and (8) on A) catalytic site and B) allosteric site of PTP1В enzyme.  
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Fig. 7. Interaction profiles of the best-docked poses for the sulphonamide benzbromarone derivative (A), the diterpene derivative (4), (B) and the diterpene de-
rivative (8), (C) of fetuin A. 
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selected as the most promising allosteric inhibitors of PTP1В (4 and 8) 
there is a clear interaction between these and the allosteric residues, 
Leu192-Phe280-Gln276, from the PTP1В enzyme as shown in Fig. 6B. 

With regard to fetuin A, only the allosteric inhibitor of the PTP1В 
enzyme, the sulphonamide benzbromarone derivative, appears to bind 
more effectively to the protein, as seen by the calculated ΔGB of − 6.8 
kcal/mol (Table 8). However, if we compare the best-docked poses for 
the most promising diterpene derivatives (4 and 8) with those obtained 
for the sulphonamide benzbromarone derivative, it can be seen that only 
the diterpene derivative (8) binds to fetuin A in a similar way, Fig. 7. 

Pharmacokinetics, toxicity and druglikeness (ADME/Tox), in silico 
prediction 

To assess the pharmacokinetics of our most promising marine 
diterpenes as anti-obesity agents, SwissADME (http://www.swissadme. 
ch/) (Daina et al., 2017), an online free tool, was used to evaluate the 
ADME/Tox (absorption, distribution, metabolism, excretion, and 
toxicity) properties of the six most promising predicted marine diter-
penes (4, 8, 9, 10, 13 and 14). In terms of druglikeness, it was found that 
diterpenes (13 and 14) had only one Lipinski rule violation each, the 
other most promise diterpenes (4, 8, 9, and 10) had no Lipinski rule 
violation, while the positive controls, dinaphthyl and sulphonamide 
benzbromarone derivatives, had two and one Lipinski rule violations, 
respectively (Table 9). No PAINS alert was predicted for any of the 
marine diterpenes or positive controls. 

The Abbot bioavailability Score predicts the probability of a com-
pound to have at least 10 % oral bioavailability in rat or measurable 
Caco-2 permeability, all six marine diterpenes and one of the positive 
controls (sulphonamide benzbromarone derivative) were predicted with 
a score of 55 % which is quite acceptable, while the other positive 
control (dinaphthyl derivative) only was predicted with a score of 11 %. 
All six marine diterpene derivatives and the two positive controls 
(dinaphthyl and sulphonamide benzbromarone derivatives) are pre-
dicted to have adequate water solubility characteristics but two of the 
diterpenes (13 and 14) and the positive control (dinaphthyl derivative) 
were predicted to as having high lipophilicity (>5). The targets, P-gp 
and CYP, seem to have a relevant role in the protection of tissues and 
organisms, so the interaction with them is seen positively. Thus, the 
diterpene (4) and the positive control (sulphonamide benzbromarone 
derivative) are predicted to be P-gp substrates and all the diterpenes (4, 
8, 9, 10, 13, and 14) and the positive control (dinaphthyl derivative) are 
predicted to inhibit at least one CYP type. The more negative the log Kp, 
the less skin permeant is the molecule, therefore the least skin permeant 
predicted is the positive control (sulphonamide benzbromarone deriv-
ative) and the most skin permeant predicted are the two diterpenes (13 
and 14). Only for the four diterpenes (4, 8, 9 and 10) high GI absorption 
and blood–brain barrier penetration (related to distribution properties) 
were predicted. 

Conclusions 

Obesity is a worldwide issue that affects people of all ages, genders, 
and socioeconomic origins. Its prevalence has progressively increased 
over the last several decades. The goal of this work is to confirm the 
hypolipidemic impact of an organic extract of the Red Sea soft coral 
Sarcophyton glaucum in an obese rat model using biochemical and his-
tological techniques. Our findings demonstrated a noteworthy 
improvement in glucose, insulin, HOMA-IR, lipid profile, fetuin B, fetuin 
A, PTP1B, omentin, and adropin levels, as well as UCP1 and PPARGC1A 
gene expression after treatment with soft coral extract and orlistat, but 
soft coral outperformed orlistat. These activities seem to be related to 
the modulation of PTP1В and fetuin A enzymes by marine diterpene 
derivatives that were isolated from soft coral extracts. A molecular 
docking study of 27 marine diterpene derivatives revealed two prom-
ising terpenoid modulators (4 and 8) according to their prominent 
ligand–protein energy scores and relevant binding affinities with the 
PTP1В and fetuin A pocket residues. The two selected marine diterpenes 
(4 and 8) present an α,β-unsaturated ε-caprolactone fused to a cyclic 
system that appears to be a key structural element to enhance anti- 
obesity activity. Furthermore, it can be seen by comparing the best- 
docked poses for the most promising diterpene derivatives (4 and 8) 
with those obtained for the sulphonamide benzbromarone derivative 
(positive control) that only the diterpene (8) binds to fetuin A in the 
same way as the positive control. 
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Table 9 
ADME/Tox profiling of six selected marine diterpenes and the two positive controls (dinaphthyl and sulphonamide benzbromarone derivatives).  

ADME/Tox 4 8 9 10 13 14 Dinaphthyl Sulphonamide benzbromarone 

Lipinski #violations1 0 0 0 0 1 1 2 1 
Veber #violations1 0 0 0 0 0 0 2 1 
Bioavailability Score1 0.55 0.55 0.55 0.55 0.55 0.55 0.11 0.55 
PAINS #alerts2 0 0 0 0 0 0 0 0 
Log Po/w (XLOGP3)3 3.21 3.84 3.84 3.5 7.06 7.06 6.94 4.62 
Log S (ESOL)4 − 3.76 − 4.16 − 4.16 − 4.08 − 5.98 − 5.98 − 7.22 − 6.8 
GI absorption5 high high high high low low low low 
BBB permeant5 yes yes yes yes no no no no 
P-gp substrate5 yes no no no no no no no 
CYP inhibitors5 yes yes yes yes yes yes yes yes 
Log Kp (skin permeation)5 − 5.95 − 5.5 − 5.5 − 6.01 − 2.95 − 2.95 − 6.4 − 7.04  

1 Druglikeness. 2Medicinal chemistry. 3Lipophilicity. 4Water solubility. 5Pharmacokinetics. 
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2021. MSI-1436 improves EMS adipose derived progenitor stem cells in the course of 
adipogenic differentiation through modulation of ER stress, apoptosis, and oxidative 
stress. Stem Cell Res. Ther. 12, 1–18. https://doi.org/10.1186/S13287-020-02102- 
X/TABLES/2. 

Bourebaba, L., Marycz, K., 2019. Pathophysiological implication of fetuin-A glycoprotein 
in the development of metabolic disorders: A concise review. J. Clin. Med. 8, 2033. 
https://doi.org/10.3390/JCM8122033. 

Chait, A., den Hartigh, L.J., 2020. Adipose tissue distribution, inflammation and its 
metabolic consequences, including diabetes and cardiovascular disease. Front. 
Cardiovasc. Med. 7, 22. https://doi.org/10.3389/FCVM.2020.00022. 

Cole, T.G., Kuisk, I., Patsch, W., Schonfeld, G., 1984. Effects of high cholesterol diets on 
rat plasma lipoproteins and lipoprotein-cell interactions. J. Lipid Res. 25, 593–603. 
https://doi.org/10.1016/S0022-2275(20)37772-5. 
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