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A B S T R A C T   

COVID-19 has emerged as a major cause of health crisis around the world. Psychosocial, Behavioral and 
metabolic changes especially weight gain, among variety of population was produced in this pandemic, through 
variety of mechanisms. Hyperlipidemia is one of the major issues that result in serious cardiovascular compli-
cations. Governmental strategies to minimize the spread of COVID-19 through closures, lockdowns, and alter-
ations in social interaction have complicated weight management efforts. And immunity being the need of the 
hour has to be improved to prevent the infection. Guggulsterone (GS) isomers are major bioactive compounds 
present in Commiphora mukul and Commiphora wighti. Guggulsterone shows anti-hyperlipidemic, anti-oxidant, 
anti-inflammatory, immunomodulatory and appetite regulating activity due to its peculiar characteristics. On the 
basis of clinical evidence, Guggulsterone seems to possess good cholesterol lowering, appetite regulating as well 
as immunomodulatory activity which can be beneficial during the pandemic of COVID-19.   

1. Introduction 

Cardiovascular complications are one of the global leading causes of 
concern due to the rising prevalence and consequence of morbidity and 
mortality with increasing economic crisis throughout the world (Amini 
et al., 2021). Complementary and alternative Medicine (CAM) therapies 
are widely practiced by majority of the cancer patients, asthma patients 
and diabetes patients (Anbari& Gholami, 2015). Herbs are widely used 
as alternative medicines for the management of asthma and diabetes, 
since patients are not satisfied with existing therapy (Sarvesh et al., 
2018). Herbal preparations have been widely used in the management of 
hyperlipidemia, obesity as well as immunity such as Momordicachar-
antig (for lipid lowering), Coleus forskohlii (weight reduction), C. fistula 
fruit pulp (used as immunomodulator) and many more (Majeed et al., 
2021; Sharma et al., 2021; Thomford et al., 2021). Majority of the pa-
tients choose alternative medicine because it is harmless and easily 
available. Intentional use of CAM is related to positive attitudes, trust-
worthiness, and high-quality studies within the CAM-patient-setting 
(Kristoffersen et al., 2018). In accordance with the evidences from 
ancient Indian traditional system of medicine, Gugglu has a long history 
of use in Ayurveda for its lipid lowering activity. Guggulsterone is an 
Oleo-gum resin obtained from the stem branches of Commiphora species 

like Commiphora mukul, Balsamodendron mukul and Commiphora wighti 
and belongs to the family of Burseraceae. Guggulsterone is one of the 
major bioactive compounds that play a major role in lowering choles-
terol (Sabarathinam & Vijayakumar, 2021). 

Guggulsterone isomers upregulate the bile salt export pump (BSEP), 
an efflux transporter responsible for removing cholesterol metabolites 
and bile acids from the liver (Wu et al., 2002). E-guggulusterone is 
16-dehydropregnenolone acetate. The presence of Ketone group in 17th 
position increases the lipid lowering activity by inhibiting the Farnesoid 
X receptor. Z-guggulusterone is 16,17-epoxypregnenolone where there 
is replacement of methyl and hydrogen group vice versa in the position 
of E-guggulusterone, which is to reduce the toxicity (Ham et al., 2011). It 
has also shown its effectiveness in regulating appetite and thus reducing 
weight which can be used as a swift and effective management for 
Covibesity. Immune boosting capability of guggulsterone is also worth 
noticing, as it can help in controlling cytokine storm which is one of the 
major inflammatory response to SARS-CoV-2. 

1.1. General description of Guggulsterone 

Guggulsterone is C21H28O2 and the IUPAC name is (8R,9S,10R,13S, 
14S)-17-Ethylidene-10,13-dimethyl-1,2,6,7,8,9,11,12,14,15- 

* Corresponding author. Department of Pharmacy Practice, SRM College of Pharmacy, SRM Institute of Science and Technology, SRM Nagar, Kattankulathur, 603 
203, Kancheepuram, Tamil Nadu, India. 

E-mail address: sarveshshiva5@gmail.com (S. Sabarathinam).  

Contents lists available at ScienceDirect 

Obesity Medicine 

journal homepage: www.elsevier.com/locate/obmed 

https://doi.org/10.1016/j.obmed.2021.100346 
Received 4 April 2021; Received in revised form 21 April 2021; Accepted 22 April 2021   

mailto:sarveshshiva5@gmail.com
www.sciencedirect.com/science/journal/24518476
https://www.elsevier.com/locate/obmed
https://doi.org/10.1016/j.obmed.2021.100346
https://doi.org/10.1016/j.obmed.2021.100346
https://doi.org/10.1016/j.obmed.2021.100346
http://crossmark.crossref.org/dialog/?doi=10.1016/j.obmed.2021.100346&domain=pdf


Obesity Medicine 24 (2021) 100346

2

decahydrocyclopenta [a]phenanthrene-3,16-dione with molecular 
weight of 312.45 g/mol (Girisa et al., 2020). The chemical structure of 
Guggulsterone is given in Fig. 1. Guggulsterone isomers are obtained 
from the resins of Guggulu, from the stem branches of Commiphora 
species like Commiphora mukul, Balsamodendron mukul and Commiphora 
wighti and belongs to the family of Burseraceae. Gugglu contains 
numerous phytochemical components such as steroids, Guggulsterone, 
Phytosterol, Triterpenoids, volatile oil, Sesquiterpenoids, Diterpenoids 
etc. pkCSM online server was used to generate the Absorption, Distri-
bution, Metabolism, Excretion and Toxicity (ADMET) profile of Gug-
gulsterone (Sabarathinam & Vijayakumar, 2020). The Pharmacokinetic 
profile of guggulsterone is given in Table 1. 

Toxicity is accountable for the withdrawal and failure of new 

chemical entities. The toxicity profile of selected drugs was analyzed 
through the OSIRIS® Property Explorer program. This tool is accessible 
through cheminformatics. ch and chemistry.org. It is a freely available 
online software program that forecasts potential side effects such as 
mutagenicity, tumorigenicity, irritant, reproductive effects, drug- 
likeness and physicochemical properties analogous with a compound 
in a color-coded format. Green color indicates drug conform behavior, 
yellow indicates medium risk, whereas red color shows a high risk for 
mutagenicity or low intestinal absorption. These predictions are essen-
tial to prevent deleterious substances to advance in drug discovery and 
development. We have also compared certain drug-related parameters 
such as Topological Polar Surface Area (T.P.S.A.), drug-likeness and 
overall drug score (Ayati et al., 2012; Rashid, 2020; Osman et al., 2021). 

OSIRIS Property Explorer program was used to predict the Toxicity 
profile of Guggulsterone and it is listed in Table 2. 

(a) T.P.S.A. - Blood-brain barrier penetration and intestinal absorp-
tion are bioavailability-associated properties that are well 
correlated with T.P.S.A. and is calculated as the sum of the 
contribution of fragments, mainly O− and N− fragments are 
considered.  

(b) Drug likeness- A fragment-based approach is used for estimating 
drug-likeness via OSIRIS program. A positive value demonstrates 
that the study compound contains those fragments which are 
found in commercially available formulations.  

(c) Overall drug score - This is calculated using criterions such as 
drug-likeness, molecular weight, toxicity risk, log S and log P 
values. A score of >0.5 along with minimal toxicity risk is 
considered favorable. 

The ADMET profile of selected bioactive compounds can be gener-
ated from online accessible databases like the pkcsm server (http 
://biosig.unimelb.edu.au/pkcsm/prediction) OSIRIS® Property Ex-
plorer program. The canonical smile of selected bioactive was identified 
from the PubChem online database. The canonical smiles can be applied 
in the pkcsm server online database (step 01), followed by entering the 
ADMET option (step 02) to predict the selected compound’s entire 
pharmacokinetic profile. 

OSIRIS® Property Explorer (www.cheminfo.org) is used to estimate 
the compounds’ drug-likeness and drug toxicity profile. By drawing the 
fine chemical molecule structure in the left side column, drug toxicity 
profile and drug-likeness can be measured easily. Step by step graphical 
representation is given in Fig. 2. 

1.2. Use of Gugglu as an adjuvant therapy in COVID 

COVID-19 is highly contagious with rapid human-to human trans-
mission. The common signs and symptoms of COVID-19 infection are 
cough, fatigue, fever, headache and some individuals reported with 
breathing difficulties such as shortness of breath and respiratory 
distress. Patients also report lung disturbances, reduced platelet count 
and reduction in circulation lymphocytes. A recent research indicated 
that 4% of the population under study had incidence of acute kidney 
injury in which the in-hospital mortality rate was found to be 20%, 33% 
and 90% in stage 1, 2 and 3 of acute kidney injury respectively (Paek 
et al., 2020). 

COVID-19 induces overproduction of cytokines and leads to cytokine 
storm resulting in hyperinflammation, eventually causing multiple 
organ damage (Dariya and Nagaraju, 2020). The cytokine pathway is 
given in Fig. 4. Gugglu strengthens the immune system by means of 
anti-oxidant activity. The anti-oxidant activity is attributed to NF-E2 
related factor 2 (Nrf2) that activates antioxidant response element 
(ARE)- driven expression of heme oxygenase 1 (HO-1) and other cyto-
protective proteins (Almazari et al., 2011). 

Guggulsterone containing products have such a long history in 
managing cardiovascular disease, including hypercholesterolemia and 

Fig. 1. Chemical structure of Guggulsterone.  

Table 1 
ADMET parameters of Guggulsterone.  

Parameters Guggulsterone 

Water solubility (log mol/L) − 4.931 
CaCo2 permeability (log Papp in 10− 6 cm/s) 1.294 
Intestinal absorption (% Absorbed) 99.655 
Skin Permeability (log Kp) − 2.465 
VDss (Human) (log L/kg) 0.158 
Fraction Unbound (Fu) 0.001 
Substrate CYP3A4 
Total clearance (log ml/min/kg) 0.61 
AMES Toxicity NO 
Oral route Acute Toxicity (LD50) (mol/kg) 1.843 
Oral route chronic toxicity (log mg/kg_bw/day) 1.769 
Hepatotoxicity YES 
Skin sensitization NO 
Minnow toxicity (log mM) 0.312  

Table 2 
Toxicity profile of Guggulsterone predicted via OSIRIS 
Property Explorer program. 
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atherosclerosis. Though discrepancies in experimental design, sample 
size, statistical review, and irrespective of race and ethnicity, an existing 
preclinical and clinical trials strongly support the therapeutic claims for 
guggul as mentioned in ancient Ayurveda. Some of the marketed 
products of Guggul are given in Table 3. We believe that guggulsterone 
plays a major role in lowering cholesterol, immunomodulation during 
pandemic and it would also be one of the best therapies for COVID 

pandemic induced obesity. 

2. Antihyperlipidemic property 

Isomers of guggulsterone have proved to be efficacious in lowering 
lipid levels as per various studies. Its lipid lowering activity is attributed 
to oxidative modification of low-density lipoprotein (Sabarathinam & 
Vijayakumar, 2021). It is also said to antagonize two nuclear hormone 
receptors involved in cholesterol metabolism which is also a possible 
reason for its antihyperlipidemic activity (Sastry et al., 2020). Anti-
hyperlipidemic activity of guggulsterone is given in Fig. 3. 

3. Appetite regulator 

Health inequality has been a major part since time immoral. During 
this pandemic of COVID-19, the world has witnessed a surge in the 
biopsychological aspects than ever before. Studies have shown that the 
adverse mental burden linked to the COVID-19 pandemic might be 
associated with increased body weight in individuals (Pellegrini et al., 
2020). Pellegrini et al. study witnessed the weight gain during the 
lockdown [Table 4]. Guggulsterone has shown great effects on weight 
loss (Orabi et al., 2020). 

The anti-obesity activity of guggulsterone is attributed to the 
following. 

Fig. 2. Step by step graphical representation for estimation of ADMET parameters from pkcsm server and OSIRIS® Property Explorer program.  

Table 3 
Different types of Marketed Formulations of guggulu.  

S.NO Different types of Marketed Formulations of guggulu’s 

1. Amrita Guggulu 
2. AbhaGuggulu 
3. Guggulwadi Vat 
4. Kaishore Guggulu. 
5. Kanchanar Guggulu 
6. LakshaGuggulu 
7. Mahayograj Guggulu. 
8. NavakGuggulu 
9. PanchtiktghritGuggulu 
10. Pathyadi Guggul 
11. SamsharkarGuggulu 
12. SaptvinshtikaGuggulu 
13. TrayushanadiGuggulu 
14. VaradiGuggulu 
15. Yograj Guggulu.  

Fig. 3. Antihyperlipidemic activity of guggulsterone.  
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a. Direct activity on 3T3 L1 adipocytes that results in mitochondrial 
biogenesis, upregulation of UCP1 and cellular consumption of 
oxygen. 

b. Adipocyte begins through M2 polarization and subsequent cate-
cholamine release (Miller et al., 2019). 

This pandemic seems evolving with time, so strategies must be 
developed to tackle COVIBESITY. And since guggulsterone proves to 
possess a great anti-obesity effect, we would recommend the use of 
guggulsterone isomers to the most vulnerable section of the society. 

4. Immunomodulatory activity 

“Immunity boosting” has been trending since the pandemic. Several 
herbal preparations have been implicated for improving immunity, 
since their bioactive components are acting as substantial warriors in 
this battle. Several species like Allium sativum, Cerasus avium, Berberis 
integerrima, Alceadigitata, Rubiatinctorum, Peganum harmala etc. were 
illuminated as ACE2 inhibitors, and are thus considered as immuno-
modulators after careful evaluation (Ziaei et al., 2009).  

a) Inflammatory response by SARS-CoV-2 

Increased levels of pro-inflammatory mediators and cytokines were 
found in patients infected with SARS-CoV-2, suggestive of a “cytokine 

Fig. 4. Immune response (Cytokine storm) in COVID-19 patients.  

Table 4 
Changes in weight and nutritional habits in adults with obesity during the 
“Lockdown” period caused by the COVID- 19 emergencies.  

Author 
name and 
year 

Methodology Sample size Outcome 

[Pellegrini, 
2020] 

Observational 
retrospective 
study 

164 patients were 
invited to participate in 
the survey, out of 
which, 150 patients 
who completed the 
questionnaire were 
included in the study. 

Nearly 1.5 kg self- 
reported weight 
gain during the 
first month of 
lockdown.  

Fig. 5. Anti -inflammatory and immunomodulatory activity of Guggulsterone through inhibition of NF-kB cells activation.  
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storm syndrome” (Miller et al., 2019). Since studies have shown that 
SARS-nCoV-2 activates NF-κB through various pathways leading to 
“cytokine storm syndrome”, Immunomodulation at the level of NF-κB 
activation and IκB degradation along with inhibition of TNF-α will 
potentially result in a reduction of cytokine storm and alleviate the 
severity of COVID-19 (Hariharan et al., 2021).  

b) Effect of guggulsterone on nf-kb signaling pathway 

It has been demonstrated in various studies that guggulsterone shows 
anti-oxidant, anti-inflammatory activity through inhibition of the nu-
clear factor-κB (NF-κB) [Fig. 5], a key regulator for inflammatory re-
sponses. And thus, provides support to the immune fractions and also 
improves the defense mechanism of the body (Zhang et al., 2016). 
Studies have demonstrated such effects of guggulsterone. [Table 5]. 

5. Conclusion 

Products containing Guggulsterone have shown great effictivness in 
the management of hyperlipidemia, obesity as well as in improving the 
immune system. Since in-vitro studies on immunomodulatory effect of 
guggulsterone are very scarce, we recommended further research about 
these specific activities of guggul that can be helpful in pandemics such 
as COVID-19.. 
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