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ABSTRACT  
Lupeol is a pentacyclic triterpenoid commonly distributed in the plant kingdom and is found in edible fruits and vegetables. It is a naturally 
occurring triterpene that is used to reduce the inflammatory responses and also have immunomodulating properties. Lupeol and its 
derivatives have a great potential to act as an anti- inflammatory, anti-microbial, anti-proliferative, anti-invasive, anti-angiogenic, anti-
protozoal, and cholesterol-lowering agent. Various studies have shown that anti-inflammatory activity of lupeol through the modulation of p-
38 pathways inhibits neuroinflammation in the cerebellum and induces neuroprotection. It has been also found effective on lung cancer (i.e 
A427 cancer cells and normal MRC-5 cells). Observation of inhibiting the growth of lung cancer cells is checked by MTT assay. Lupeol and its 
ester lupeol linoleate have been used to reduce the levels of hypercholesterolemia in the rats and decrease the activities of such enzymes 
namely Na+, K+-ATPase, Ca2+-ATPase, and Mg2+. Lupeol also decreases the levels of calcium-oxalate and has cytoprotective action against 
free-radical-induced damage and also decreases the level of cadmium in the kidney. 
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INTRODUCTION 

There is day by day growing interested in natural 
triterpenoids, also known as phytosterols. From ancient 
times natural products are used as remedies to treat human 
diseases. Triterpenoids are called secondary metabolites and 
their pharmacological activities are derived from plants, 
fruits fungi, etc.1 Pharmacological importance, of medicinal 
plants are the god gift of a healthy lifestyle. More than 8000 
different plant species are used in a different part of the 
world for the treatment of many disorders. Biosynthetically 
rearrangements of squalene epoxide various triterpenoids 
are synthesized. Various processes like oxygenation, 
hydrogenation, and dehydrogenation synthetically obtain 
hydrocarbon triterpenoid derivatives. Among triterpenoids 
have a double bond at position 20. It is found in different 

species of plants including Emblica Officinalis, Bombax ceiba, 
Walsura trifolita, and etc.2 

Emblica Officinalis (Family: Phyllanthaceae) commonly 
known as Amla or Indian gooseberry. In Ayurveda, it is the 
most important medicinal plant for the prevention of various 
ailments. It is widely distributed in tropical and subtropical 
countries like China, India, Indonesia, and Southeast Asia. Its 
fruits contain many chemical constituents and a higher 
amount of polyphenols like gallic acid, ellagic acid, different 
tannins, minerals, vitamins, amino acids, fixed oils, and 
flavonoids like quercetin. E. officinalis having a rich amount 
of vitamin C (478.56 mg/100 ml) as compared to other 

fruits, e.g. apple, lime, pomegranate.
3 
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Figure 1: Diagram of Amla Tree 

 

LUPEOL 

Lupeol is the pentacyclic triterpenoids.4 Many derivatives 
are synthesized from the lupeol. It is broadly distributed 
in the plant kingdom and is found in edible fruits and 
vegetables. It has great potential to act as an anti- 
inflammatory, anti-microbial, anti-protozoal, anti-
proliferative, anti-invasive, anti-angiogenic, and 
cholesterol-lowering agent. According to studies of in vitro 
and in vivo models, it has also been tested for its 
biological activities against conditions including wound 
healing, diabetes, cardiovascular disease, kidney disease, 
andarthritis.5 

 

Figure 2: Diagram represents the effects of lupeol for 
different type of diseases 

 

CHEMICAL STRUCTURE AND ANALYSIS 

The structure of Lupeol is represented in Fig.3. The 

chemical formula of lupeol is C30H50O and its melting 

point is 215–216 °C and the molecular weight of lupeol is 
426.7174 (g/mol.). Lupeol in their infra-red spectrum 
shows the presence of a hydroxyl function and an olefinic 
moiety at 3235 and 1640 cm-1, respectively. The presence 
of seven methyl singlet and an olefinic function in the 1H 
NMR spectrum may be triterpenes. By using (HPLC) 
method and mass spectrometric (MS) showed that lupeol 
exhibits a parent ion peak at m/z 409 [M+H—18][+].6 

 

Figure 3: Chemical structure of Lupeol 

 

Lupeol acts as an anti-inflammatory 

Today, inflammatory diseases have become a major problem 
in the whole world and cause health issues that are 
dangerous for the human body. There is the development of 
natural products and their synthetic analogs which are useful 
for acute and chronic anti-inflammatory activity. Usually, 
there are only four types of signs and symptoms redness, 
sneezing, swelling, and pain against any pathogen or injury. 
The most important factor is Nuclear factor-kappa B (NF-κB) 
which is responsible for the inflammatory responses. Lupeol 
is a naturally occurring triterpene which is used to reduce 
the inflammatory response and have immunomodulating 
properties.7 The various studies have been showing that 
anti-inflammatory activity of lupeol through the modulation 
of p-38 pathways inhibits neuroinflammation in the 
cerebellar and induces neuroprotection.8 Anti-inflammatory 
mechanism of lupeol also inhibited LPS-induced IκBα 
/degradation and the DNA binding activity of NFκB in IECs 
and macrophages.9 

According to in vitro and silico screening of lupeol molecule 
have five targets side COX-2 (PDB ID: 4COX), MPO (PDB ID: 
3ZS0), IL1β (PDBID” 1T4Q), IL6 (PDBID: 7 PM) and TNFα 
(PDBID: 2AZ5) which are capable for the anti-inflammatory 
activity and their auto dock results (-11.6, -9.0, -9.9, -7.5, -9.0 
kcal/mol) showed that lupeol have maximum binding 
affinity.10 

Dextran Sodium sulfate (DSS) leads to chronic inflammation 
and their protein binding site is TNF-α, IL 1 and 2, and NF-
κB. Lupeol has an anti-inflammatory agent which is used in 
controlling colitis and healing the colonic activity.11 Natural 
compound Lup-20(29)-en-3β-ol has the potency to inhibit 
cytokine production, which is beneficial to inflammatory 
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bowel diseases (IBD).12 Lupeol triterpenoids are used to 
treatment of bronchial asthma inflammatory diseases. It 
reduces the production of cellularity and eosinophils in the 
lungs of broncho-alveolar lavage fluid.13 

Lupeol act as anti-cancerous 

The present study of lupeol is reported as anticancer activity. 
Lupeol has been potential to act against different types of 
cancers such as human prostate, breast cancer skin, liver, and 
blood cancer. Different types of cancer have different cell 
lines like normal human breast cell line (MCF-10A) and 
cancer line MCF-7. A compound of lupeol induced in the cell 

line and changes the cell viability of MCF-7 with its IC50 
concentration as 80 μM. The various striking observation of 
lupeol does not cause any toxic effect on a human cell it kills 
only cancerous cells.14 Vasculogenic mimicry and tumor 
microcirculation is found in many cancer stem-like cells. 
Recently anticancer of lupeol, a novel physiochemical with 
Dacarbazine both are in vivo and in vitro. Lupeol can become 
a more power full anticancer agent that treated the B16-F10 
cell line and also inhibit the vasculogenic mimicry with 
inducing Dacarbazine drug resistance.15 Lung cancer is 
treated with the exploration and evaluation of new 
molecules of lupeol. Lupeol effects on lung cancer A427 
cancer cells and normal MRC-5 cells. Observation of 
inhibiting the growth of lung cancer cells is checked by MTT 
assay.16 According to a worldwide report, cervical cancer is 
the most common cancer in women. Lupeol has been shown 
its anticancer activity in human cervical carcinoma(HeLa) 
cells and inhibitory activity through induction of S-phase cell 
cycle arrestand apoptosis.17 Colorectal cancer (CRC) is the 
main cause of death due to metastasis(CRC) patients. Effect 
of Lupeol treatment on colorectal cancer cell lines, 
HCT116and SW620 and suppress the migration of colorectal 
cancer cells by cytoskeleton RhoA-ROCK1 pathway 
inhibition, which provides an anti-metastatic activity forCRC 
patients18. In head and neck cancer (HNC) there is an 
overexpressed Epidermal growth factor receptor (EGFR) 
pathway. Lupeol-induced antitumor response is evaluated in 
two oral squamous cell carcinoma (OSCC) cell lines 
(UPCI:SCC131 and UPCI:SCC084). Lupeol inhibited the EGFR 
signaling in OSCC and it has a significant role in triggering 
antitumor efficacy.19 Lupeol effects on humannon-small cell 
lung cancer (NSCLC) and also suppressed the formation of 
NSCLC cells and inhibited the phosphorylation of epithelial 
growth factor receptor (EGFR).20 

Lupeol act as Anti-Diabetic 

Diabetes mellitus commonly known as diabetes, and a group 
of metabolic syndrome that causes high blood sugar level 
over a prolonged period. Diabetes is mainly of two types 
Type-1 and Type-2.Lupeol has been reported to act as an 
anti-diabetic activity.21 Triterpenes of lupeol showed its 
activity to reduce the hyperinsulinemia through the 
regulation of insulin receptor and GLUT 4 protein.22 Lupeol 
study identifies the effects on enzymic antioxidants 
superoxide dismutase (SOD), catalase (CAT), and non-
enzymic antioxidant (Vitamin C) in type-2 diabetic adult male 
rats and decrease the levels of antioxidant enzymes (SOD, 
CAT, and Vitamin C) in the liver of the type-2 diabetic rats. 
Lupeol showed similar effects of metformin and regulates 
the antioxidant enzymes.23 Lupeol phytoconstituent from 
Solanum xanthocarpum, suppresses diabetes after 21 days. 
Lupeol also decreases glycated hemoglobin, serum glucose, 
and nitric oxide. 24 In silico study is used to an interaction 
between molecules and ligand to predict three-dimensional 
structures. Many studies showed that glucose-lowering 
effects by plant extracts. Lupeol and iso-orientin are used as 
antidiabetic agents. The hypoglycemic activities of lupeol and 

iso-orientin areevaluated and confirmed in a rat model and 
extracts (either individually or in combination) significantly 
lowering blood glucose levels oxidative stress.25Plants 
extract of lupeol inhibited the blood glucose levels in 
streptozotocin (STZ)-induced diabetic rats.26 Lupeol is 
alsoused for the treatment of diabetes which inhibited the 
alpha-glucosidase activity. Italso inhibited the alpha-amylase 
enzyme which is responsible for the development of 
diabetes.27 

Lupeol act as cardioprotective 

Hyperlipidemia is a major risk factor to increase the level of 
cholesterol and the development of heart disease and 
various myocardial events. Plant sterols are beneficial and 
potential for lowering plasma cholesterol levels. Lupeol and 
its ester lupeol linoleate, are used to reduce the levels of 
hypercholesterolemic in the rats and decreases the activities 
of such enzymes namely Na+, K+-ATPase, Ca2+-ATPase and 
Mg2+.28 Lupeol isolatedfrom Crataeva nurvala stem and 
preserve lysosomal integrity and improve the thiollevels, for 
their protective effect against CP-induced cardiotoxicity.29 
Lupeol has pharmacological efficacy against CP-induced 
cardiac damage and restoration of mitochondrial structure 
and function.30 Lupeol treatment has a positive effect on high 
blood pressure and heart malfunction in male albino Wistar 
rats. It has also reestablished the levels of lipoproteins and 

improve the HDL cholesterol levels in dyslipidaemic.
31 

The 
complexes of triglycerides (TG), cholesterol, phospholipids, 
and apolipoproteins, also termed as lipoproteins are 
responsible for the transport of lipids in the bloodstream. 
There are fourmajor types of lipoproteins, (VLDL), (LDL), 
(HDL) and predicting the risk of atherosclerotic events. 
Lupeol decreases triglyceride and cholesterol secretion from 
HepG2-Lipo human hepatoma cells also suppresses the 
expressions of sterol regulatory element-binding protein-1c 
and -2, fatty acid synthase, 3-hydroxy-3- methylglutaryl-
Coenzyme A synthetase-1, and farnesyl- diphosphate 
farnesyl transferase-1. Lupeol inhibited apolipoproteinB-100 
present in the cells at the mRNA level.32 Lupeol and lupeol 
linoleate reduced the LPO levels and enhanced enzymatic 
and non-enzymatic antioxidants. These advantageous effects 
of lupeol and its linoleate ester derivatives are helpfulin 
hypercholesterolemia and atherosclerosis.33 Cardiac nuclear 
factor κB and tumor necrosis factor-α levels increase the 
hypercholesterolemic condition and decreased nuclear 
factor-κB and oxidative stress with lupeol supplements.34 
Lupeol has been shown to have cardioprotective effects and 
the study of lupeol was examined on the standard mouse 
model of CVB3 induced viral myocarditis. Lupeol may cause 
inhibition of the TLR4/MyD88/NF-κB P65 signaling pathway 
and have the potential for the treatment of viral-induced 
myocarditis.35 

Lupeol act as skin protective 

Lupeol has been used to treat various skin ailments. We 
studied the beneficial effects of Lupeol in TPA-mediated 
cutaneous edema in the CD-1 mouse skin model. Lupeol 
before TPA application to mouse skin inhibited TPA-induced 
NF-κB, IKKα activation, and phosphorylation and 
degradation of   IκBα protein   Phosphorylation of   IκBα.   
Lupeol inhibits IκBα phosphorylation and degradation, of 
Lupeol on NF-κB/p65 is through the inhibition of proteolysis 
and IκBα.36 Lupeol inhibits of tumor induction in murine skin 
and also suppresses free radical damage such as DNA, 
proteins. Benzoyl peroxide, a known free radical generating 
tumor enhancer was significantly prohibited by lupeol, when 
tested on murine skin in vivo. It acts as an effective 
chemopreventive agent against cutaneous toxicity.37 One 
study evaluated the inhibitory effect of lupeol into two 
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combination phytochemicals; pterostilbene on Swiss albino 
mice skin and combined treatment of phytochemicals was 
found to have better potential to prevent skin 
carcinogenesis38. Lupeol provides strong antioxidant 
protection against benzoyl peroxide-induced toxicity in 
Swiss albino mouse skin reduces the PGE2 production and 
inhibits the production of TNFα and interleukin-1b in vitro. 
Lupeol showed significant anti-tumor promoting activity in a 
two-stage model of mouse skin carcinogenesis. Lupeol 
inhibits the activity of ornithine decarboxylase, and sensitive 
cells such as HeLa (cervix carcinoma) and A431 (skin 
carcinoma).39 Lupeol on 7,12 (DMBA)-induced in the skin of 
Swiss albino mice and showed significant (p < 0.05) 
preventive effects against DMBA-mediated neoplastic. 
Lupeol also inhibits the growth of cell-cycle regulation and 
apoptosis.40 DNA strand breaks genetic disorders including 
cancer and lupeol effect on 7,12- (DMBA), induced DNA 
strand breaks in mouse skin,by using an alkaline assay. The 
results suggest the preventive effects of lupeol on DMBA 
induced DNA alkylation damage in Swiss albino mice.41 

Lupeol, its acetate, betulin, and betulinic acid inhibited the 
inflammatory activity induced by TPA in mice. Lupeol 3-
acetate and betulin decreased the tumor-promoting effect of 
TPA in mouse skin and more inhibitory compound quercetin, 
are an inhibitor of tumor promotion. lupeol 3-acetate and 
betulin inhibited the promotion of skin tumors of betulinic 
acid.42β-Lupeol has inhibited the growth of leukemia cells 
and also inhibited the mouse skin carcinogenesis in both 
prostate and pancreatic cancer.43 Lupeol exhibits significant 
inhibition of 20 prostate cancer cells proliferation and 21 
also shows promising anti-tumor-promoting activity in a two 
22 stage model of mouse skin carcinogenesis.44 Lupeol is a 
pharmaceutically satisfactory drug and used to improve the 
skin appearance and remove the fungal infections.45 Lupeol 
(Lup-20(29)-en-3b-ol), on CD-1 mouse skin, showed reduced 
12-O-tetradecanoyl-phorbol-13-acetate- induced tumor 
incidence by the inhibition of phosphatidylinositol 3-kinase 
(PI3K), Akt, Nuclear factor kappaB (NFκB) and activation of 
Inhibitory-κB kinase-α (IKK- α).46 

Lupeol acts as an antiprotozoal agent 

Lupeol is also reported against many pathogenic protozoa. 
Many compounds are isolated from the medicinal plants for 
antimalarial activity against Plasmodium falciparum.47The 
antiplasmodial activity of lupeol is by inhibition of schizont 

maturation with using 3D7 Plasmodium strains. It exhibits 

significant antiplasmodial effects with an IC50 value of 

18 µg/ml and 3.8 µg/ml, respectively.48 Lupeol showed 
antileishmanial activity against promastigote and amastigote 
forms. Lupeol damages the cytoplasmic membrane and 
suppress nitric oxide (NO) production and inhibit pro-
inflammatory responses. It also induces NO production in 
L.donovani-infected macrophages and reduces the hepatic 
and splenic parasite.49 Lupeol has the potential to change 
mitochondrial swelling by sesquiterpene lactones against 
protozoan parasites and 4-nitrobenzaldehyde 
thiosemicarbazone inhibits the growth of promastigote and 
amastigote.50 Lupeol inhibited erythrocyte prohibitive 
Plasmodium falciparum invasion and growth have inhibitory 

with IC50 values in the range 7–28 mM. Lupeol offers specific 
antiplasmodial activity and have a novel target for 
antimalarial drugs.51 Lupeol exhibited antiparasitic activity 
of leaf extracts of Aerva lanata and Albendazole, also used for 

the treatment of parasite infections.52 Lupeol was 
investigated for anthelmintic activity against T. colubriformis, 
H. contortus and C. elegans from the Extracts of Curtisia 
dentate.It was active only for high concentrations of 1000 
and 2000 μg/ml, respectively.53 

Lupeol act as antimicrobial agents 

Lupeol has been found to act antimicrobial activity against 
microbes and enhancing the activity of antibiotics against 
methicillin-resistant Staphylococcus aureus (MRSA) also 
suppresses the minimum inhibitory concentration of several 
antibiotics against  MRSA.54 Lupeol exhibits antimicrobial 
activity when tested for both Gram-positive and Gram-
negative bacteria especially against C. Albicans.55 

Antimicrobial activity of lupeol containing Visnea mocanera 
leaves extract also exhibited anti-viral activity.56 Lupeol has 
been reported to high anti-viral activity against Herpes 
simplex virus- 1 (HSV1) or (HSV-2) infection.57 Lupeol is 
compared for its anti-viral activity with acyclovir on the 
growth of the type strain of HSV-1. Monolayers of Vero E6 
cells were infected with HSV-1 and treated with lupeol 
concentrations (0-10 µg/ml) and also inhibited the growth of 
plaque formation.58 Lupeol showed that it inhibits the HIV-1 
reverse transcriptase (RT)-associated RNA-dependent DNA 
polymerase (RDDP) activity and antiviral properties of 
compounds against the α- glucosidase.59 Lupeol extracted 
from Maytenus genus exhibited potent antiviral activity 
against Dengue virus and low cytotoxicity in LLC-MK2cells.60 

Lupeol act as a nephroprotective agent 

The role of lupeol has been tested for its protective efficacy 
against renal toxicity and anti-urolithiasis activity. Lupeol 
decreases the levels of calcium-oxalate and has 
cytoprotective action against free- radical-induced damage 
and also decreases the level of Cadmium in the kidney.61 
Renal cell carcinoma (RCC) is kidney cancer in epithelial 
proximal tubular cells. Lupeol has effects on SKRC-45 (an 
RCC cell line) and has potential against RCC within 
mitochondrial dynamics.62 Lupeol reduced the crystal 
deposition in the kidneys such as calcium, oxalate and uric 
acid and also decreased the concentration of inhibitors, such 
as magnesium and glycosaminoglycans, deposition.63 
Animals were treated with 2% solution of ammonium 
oxalate for 15 days inducing hyperoxaluric condition in rats. 
Lupeol restored the level of renal enzymes and increased 
urinary excreation.64 In vitro antiurolithiatic activity of 
lupeol was evaluated to inhibit calcium   oxalate   and   
nucleation   aggregation at different concentrations of 
extract/fractions (0.04–3 mg/mL) for 30min.65 

LUPEOL DERIVATIVES BY SEMISYNTHESIS 

Lupeol extracted from the leaves of Aegle marmelos and their 
ester derivatives at C-3 position are used to 
antihyperglycemic activity.66 
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Lupeol isolated from the stem bark of Bombax ceiba and some derivatives of lupeol at C-3 and C-29position are synthesized for 
antitumor activities.67 

 

Lupeol was isolated from aerial parts of V. scorpioides and modification at C-3 and C-29 position their derivatives are used for 
lymphoid leukemia cell activity.68 

 

 

 

Lupeol extract of Walsura trifoliate and novel derivatives are synthesized for anti-proliferative activity against MDAMB231, 
IMR32and A549 cell lines.69 
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Lupeol ester derivatives are synthesized for the treatment of skin damages activity.70 

 

CONCLUSION 

A pentacyclic triterpenoid i.e. Lupeol is widely distributed in 
the plant kingdom and is found in various fruits and 
vegetables. This naturally occurring triterpene is found 
effective in case of inflammatory responses and have 
immunomodulatory properties. As this review demonstrates, 
lupeol and some analogs have been shown to possess a 
series of folk and recognized biological activities, and further 
the potential to be consumed as a nutritive supplement to 
prevent cancer, inflammation, coronary and hepatic diseases. 
Lupeol also exhibited low cytotoxicity on healthy cells and 
acted synergistically when used in combined therapies, 
which make it worthy of exploration to be employed alone or 
as an adjuvant to clinically used antineoplastic and anti-
inflammatory drugs.  
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